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(54) Image forming apparatus and method of manufacturing the same 



(57) The image forming apparatus comprises an 
electron source having a substrate on which a plurality 
of electron emitting devices are arranged, a face plate 
provided with fluorescent substances for emitting light 
of different colors and serving to form a color image up- 
on irradiation of electrons by the electron emitting de- 
vices. Rectangular spacers are arrange between the 
substrate and the face plate and are fixed to the face 
plate and contacted to the substrate via soft members. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to an image forming 
apparatus having a multi-electron source and fluores- 
cent substances, and method of manufacturing the im- 
age forming apparatus. 

DESCRIPTION OF THE RELATED ART 

Flat display apparatuses are thin and lightweight. 
Attention is therefore being given to them as apparatus- 
es replacing CRT type display apparatuses. A display 
apparatus using a combination of an electron-emitting 
device and a fluorescent substance which emits light up- 
on reception of an electron beam, in particular, is ex- 
pected to have better characteristics than display appa- 
ratuses based on other conventional schemes. For ex- 
ample, in comparison with recent popular liquid crystal 
display apparatuses, the above display apparatus is su- 
perior in that it does not require a backlight because it 
is of a sell -emission type and that it has a wide view 
angle. 

Conventionally (wo types of devices, namely hot 
and cold cathode devices, are known as electron -emit- 
ting devices. Known examples of the cold cathode de- 
vices are surface-conduction emission (SCE) type elec- 
tron-emitting devices, field emission type electron -emit- 
ting devices (to be referred to as FE type electron ^emit- 
ting devices hereinafter), and metal/in sutator/metal type 
electron-emitting devices (to be referred to as MIM type 
electron -emitting devices hereinafter). 

A known example of the surface-conduction emis- 
sion type emitting devices is described in, e.g. , M. I . Elin- 
son, "Radio Eng. Electron Phys., 10, 1290 (1965) and 
other examples will be described later. 

The surface-conduction emission type emitting de- 
vice utilizes the phenomenon that electrons are emitted 
from a small -area thin film lormed on a substrate by flow- 
ing a current parallel through the film surface. The sur- 
face-conduction emission type emitting device includes 
electron-emitting devices using an Au thin film [G. Drtt- 
mer, 'Thin Solid Films", 9,317 (1972)), an InpySnOg 
thin film [M. Hartwell and C.G. Fonstad, *IEEE Trans. 
ED Conf", 519 (1975)], a carbon thin film (Hisashi Araki 
et al., "Vacuum", Vol. 26, No. 1, p. 22 (1983)), and the 
like, in addition to an SnOg thin film according to Elinson 
mentioned above. 

Fig. 1 5 is a plan view showing the device by M. Hart- 
well et a I. described above as a typical example of the 
device structures of these surface-conduction emission 
type emitting devices. Referring lo Fig. 15, reference nu- 
meral 3001 denotes a substrate; and 3004, a conductive 
thin film made of a metat oxide formed by sputtering. 
This conductive thin film 3004 has an H-shaped pattern, 



as shown in Fig. 15. An electron -emitting portion 3005 
is formed by performing electrification processing (re- 
ferred to as forming processing to be described later) 
with respect to the conductive thin film 3004. An interval 
« L in Fig. 15 is set lo 0.5 to 1 mm, and a width W is set 
to 0.1 mm. The electron-emitting portion 3005 is shown 
in a rectangular shape at the center of the conductive 
thin film 3004 for the sake of illustrative convenience. 
However, this does not exactly show the actual position 
10 and shape of the electron-emitting portion. 

In the above surface-conduction emission type 
emitting devices by M. Hartwell el al. and the like, typi- 
cally the electron-emitting portion 3005 is formed by per- 
forming - electrification processing called forming 
is processing for the conductive thin film 3004 before elec- 
tron emission. In the forming processing, for example, 
a constant DC voltage or a DC voltage which increases 
at a very low rate of, e.g., 1 V/min is applied across the 
two ends of the conductive thin film 3004 to partially de- 
stroy or deform the conductive thin film 3004, thereby 
forming the electron-emitting portion 3005 with an elec- 
trically high resistance. Note that the destroyed or de- 
formed part of the conductive thin film 3004 has a fis- 
sure. Upon application of an appropriate voltage to the 
conductive thin film 3004 after the forming processing, 
electrons are emitted near the fissure. 

Known examples of the FE type electron-emitting 
devices are described in W.P. Dyke and W W. Dolan, 
"Field emission", Advance in Electron Physics. 8, 89 
(1 956) and C.A. Spindt. "Physical properties of thin-film 
field emission cathodes with molybdenum cones', J. Ap- 
pl. Phys., 47,5248(1976). 

Fig. 1 6 is a sectional view showing the device by C. 
A. Spindt et al. described above as a typical example of 
the FE type device structure. Referring to Fig. 16, refer- 
ence numeral 3010 denotes a substrate; 3011. emitter 
wiring made of a conductive material; 3012, an emitter 
cone; 3013, an insulating layer; and 3014, a gate elec- 
trode. In this device, a voltage is applied between the 
emitter cone 301 2 and the gate electrode 301 4 to emit 
electrons from the distal end portion of the emitter cone 
3012. As another FE type device structure, there is an 
example in which an emitter and a gate electrode are 
arranged on a substrate to be almost parallel to the sur- 
face of the substrate, in addition to the multi-layered 
structure of Fig. 16. 

A known example of the MIM type electron-emitting 
devices is described in C.A. Mead, "Operation of Tun- 
nel-Emission Devices", J. Appl. Phys. : 32,646 (1961). 
Fig. 17 shows a typical example of the MIM type device 
structure. Fig. 17 is a sectional view of the MIM type 
electron-emitting device. Referring to Fig. 17, reference 
numeral 3020 denotes a substrate; 3021. a lower elec- 
trode made of a metal; 3022, a thin insulating layer hav- 
ing a thickness of about 100 angstrom; and 3023, an 
upper electrode made of a metal and having a thickness 
of about 80 to 300 angstrom. In the MIM type electron- 
emitting device, an appropriate voltage is applied be- 
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tween the upper electrode 3023 and the lower electrode 
3021 to emit electrons from the surface of the upper 
electrode 3023. 

Since the above-described cold cathode devices 
can emit electrons at a temperature lower than thai for 
hot cathode devices, they do not require any heater. The 
cold cathode device therefore has a structure simpler 
than that of the hot cathode device and can be micro- 
pattemed. Even if a large number of devices are ar- 
ranged on a substrate at a high density, problems such 
as heat fusion of the substrate hardly arise. In addition, 
the response speed of the cold cathode device is high, 
while the response speed of the hot cathode device is 
low because it operates upon heating by a heater For 
this reason, applications of the cold cathode devices 
have enthusiastically been studied. 

Of cold cathode devices, the above surface-con- 
duction emission type emitting devices are advanta- 
geous because they have a simple structure and can be 
easily manufactured. For this reason, many devices can 
be formed on a wide area. As disclosed in Japanese 
Patent Laid-Open No. 64-31 332 filed by the present ap- 
plicant, a method of arranging and driving a lot of devic- 
es has been studied. 

Regarding applications of surface-conduction 
emission type emitting devices to, e.g., image forming 
apparatuses such as an image display apparatus and 
an image recording apparatus, a multi-electron source, 
and the like have been studied. 

As an application to image display apparatuses, in 
particular, as disclosed in the U.S. Patent No. 5,066,883 
and Japanese Patent Laid-Open Nos. 2-257551 and 
4-281 37 filed by the present applicant, an image display 
apparatus using the combination of an surface-conduc- 
tion emission type emitting device and a fluorescent 
substance which emits light upon reception of an elec- 
tron beam has been studied. This type of image display 
apparatus using the combination of the surf ace -conduc- 
tion emission type emitting device and the fluorescenl 
substance is expected to have more excellent charac- 
teristics than other conventional image display appara- 
tuses. For example, in comparison with recent popular 
liquid crystal display apparatuses, the above display ap- 
paratus is superior in that it does not require a backlight 
because it is of a self -emission type and that it has a 
wide view angle. 

A method of driving a plurality of FE type electron- 
emitting devices arranged side by side is disclosed in, 
e.g., U.S. Patent No. 4,904,895 filed by the present ap- 
plicant. As a known example of an application of FE type 
electron-emitting devices to an image display apparatus 
is a flat display apparatus reported by R. Meyer et al. 
(R. Meyer: "Recent Development on Microtips Display 
at LETI", Tech. Digest of 4th Int. vacuum Microelectron- 
ics Conf., Nagahama, pp. 6-9 (1991)]. 

An example of an application of a larger number of 
MIM type electron-emitting devices arranged side by 
side to an image display apparatus is disclosed in Jap- 



anese Patent Laid-Open No. 3-55738 filed by the 
present applicant. 

Fig. 1 8 is a partially cutaway perspective view of an 
example of a display panel portion as a constituent of a 
s flat image display apparatus, showing the internal struc- 
ture of the panel. 

Referring to Fig. 18, reference numeral 3115 de- 
notes a rear plate; 3116, a side wall; and 3117, a face 
plate. The rear plate 3115, the side wall 3116. and the 
io face plate 3117 constitute an envelope (airtight contain- 
er) for maintaining a vacuum In the display panel. 

The rear plate 311 5 has a substrate 3111 fixed ther- 
eon, on which N x M cold cathode devices 3112 are 
formed (M and N are positive integers equal to 2 or 

1$ more : and properly set in accordance with a desired 
number of display pixels). The N x M cold cathode de- 
vices 311 2 are arranged in a matrix with M row-direction 
wirings 3113 and N column-direclion wirings 3114. The 
portion constituted by the substrate 3111, the cold cath- 

20 cxJe devices 3112, the row-direction wirings 3113, and 
the column-direction wirings 3114 will be referred to as 
a multi electron source. An insulating layer (not shown) 
is formed between each row-direction wiring 3113 and 
each column -direct ion wiring 3114 : at least at a portion 

25 where they cross each other at a right angle, to maintain 
electric insulation therebetween. 

A fluorescent film 3118 made of fluorescent sub- 
stances is lormed on the lower surface of the face plate 
3117. The fluorescent film 3118 is coated with red (R). 
green (G), and blue (B) fluorescent substances (not 
shown), i.e., three primary color fluorescenl substances. 
Black conductive members (not shown) are provided 
between the respective color fluorescent substances of 
the fluorescent film 31 1 8. Ametal back 31 1 9 made of alu- 

35 minum (Al) or the like is formed on the surface of the 
fluorescent film 3118, located on the rear plate 3115 
side. Reference symbols Dx1 to DxM, Dy1 to DyN, and 
Hv denote electric connection terminals for an airtight 
structure provided to electrically connect the display 

-w panel to an electric circuit (not shown). The terminals 
Dx1 to DxM are electrically connected to the row-direc- 
tion wirings 3113 of the multi electron source; the termi- 
nals Dy1 to DyN, to the column -direction wirings 311 4; 
and the terminal Hv, to the metal back 31 19 of the face 

*s plate. 

A vacuum of about 10 -6 Torr is held in the above 
airtight container. As the display area of the image dis- 
play apparatus increases, the apparatus requires a 
means for preventing the rear plate 3115 and the face 

so plate 3117 from being deformed or destroyed by the 
pressure difference between the inside and outside of 
the airtight container. A method of thickening the rear 
plate 3115 and the face plate 3117 will increase the 
weight of the image display apparatus and cause an im- 

ss age distortion or parallax when the display screen is ob- 
liquely seen. In contrast to this, the structure shown in 
Fig. 18 includes structure support members (called 
spacers or ribs) 3120 formed of a relatively thin glass 
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plate and used to resist the atmospheric pressure. With 
this structure, a spacing of sub-millimeters or several 
millimeters is generally ensured between the substrate 
3111 on which the multi electron source is formed and 
the face plate 3117 on which the fluorescent film 3118 
is formed, and a high vacuum is maintained in the air- 
tight container, as described above. 

In the image display apparatus using the above dis- 
play panel, when voltages are applied to the respective 
cold cathode devices 3112 through the outer terminals 
Dx1 to DxM and Dyl to DyN, electrons are emitted by 
the cold cathode devices 31 12. At Ihe same time, a high 
voltage of several hundred to several kV is applied to 
the metal back 3119 through the outer terminal Hv to 
accelerate the emitted electrons to cause them to collide 
with the inner surface ol Ihe face plate 3117. With this 
operation, the respective color fluorescent substances 
constituting the fluorescent film 31 16 are excited to emit 
light As a result, an image is displayed on the screen. 

The following problem is posed in the display panel 
of the image display apparatus described above. 

The spacers 31 20 arranged in the image display ap- 
paratus must be sufficiently positioned and assembled 
with respect to the substrate 3111 and the face plate 
31 1 7. Particularly, the spacers 31 20 must be sufficiently 
positioned with respect to the fluorescent film 3118 on 
the lace plate 31 1 7 side so as not to break display pixels 
by the spacers; otherwise, the quality of a displayed im- 
age may degrade. 

If the spacers 3120 are not fixedly arranged in the 
image display apparatus, the spacers may greatly shift, 
fall down, and be damaged owing to an external shock 
to the panel upon or after assembling the airtight con- 
tainer. 

SUMMARY OF THE INVENTION 

The present invention has been made in consider- 
ation of the above conventbnal techniques, and has as 
its principal object to provide an image forming appara- 
tus having spacers being fixedly fastened inside the ap- 
paratus. 

It is another object of the present invention to pro- 
vide an image forming apparatus having spacers which 
are fixed on an image forming member but only abutted 
on a member opposing the image forming member, and 
are fixedly fastened inside the apparatus. 

It is still another object of the present invention to 
provide a method of manufacturing an image forming 
apparatus, which can facilitate arrangement of spacers 
in assembling the image forming apparatus. 

Other features and advantages of the present in- 
vention will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
in which like reference characters designate Ihe same 
or similar parts throughout the figures thereof. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view taken along a tine A - A' of 
a display panel (Fig. 2) according to an embodiment 

& of the present invention; 

Fig. 2 is a partially cutaway perspective view show- 
ing the display panel of an image display apparatus 
according to the embodiment; 
Fig. 3 is a plan view showing part of the substrate 

10 of a multi electron source used in the embodiment; 
Fig. 4 is a sectional view showing part of the sub- 
strate of the multi electron source used in the em- 
bodiment; 

Figs. 5A and 5B are plan views showing examples 
is of the alignment of fluorescent substances on the 
face plate of the display panel according to the em- 
bodiment; 

Fig. 6 is a plan view showing another example of 
the alignment of the fluorescent substances on the 
20 face plate of the display panel according to the em- 
bodiment; 

Figs. 7 A and 7 B are a plan view and a sectional 
view, respectively, showing a flat surface-conduc- 
tion emission type emitting device used in Ihe em- 
2S bodiment; 

Figs. 8A to BE are sectional views showing the 
steps in manufacturing the flat surface-conduction 
emission type emitting device according to the em- 
bodiment; 

30 Fig. 9 is a graph showing the waveform of an appli- 
cation voltage in forming processing; 
Figs. 1 0A and 1 0B are graphs respectively showing 
the waveform of an application voltage in activation 
processing, and a change in emission current le in 

35 the activation processing; 

Fig. 11 is a sectional view showing a step surface- 
conduction emission type emitting device used in 
the embodiment; 

Figs. 12A to 12F are sectional views showing the 
40 steps in manufacturing the step surface-conduction 
emission type emitting device: 
Fig. 1 3 is a graph showing the typical characteristics 
of the surface -conduction emission type emitting 
device used in the embodiment; 
45 Fig. 1 4 is a block diagram showing the schematic 
arrangement of a driving circuit for the image dis- 
play apparatus according to the embodiment of the 
present invention; 

Fig. 1 5 is a plan view showing an example of a con- 
so ventionalfy known surface-conduction emission 
type emitting device; . 

Fig. 16 is a sectional view showing an example of 
a conventionally known FE type device; 
Fig. 17 is a sectional view showing an example of 
ss a conventionally known M1M type device; 

Fig. 18 is a partially cutaway perspective view 
showing the display panel of an image display ap- 
paratus; and 
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Figs. 19 and 20 are views for explaining the stress 
concentration point and relief of the stress. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

An image forming apparatus according to the 
present invention comprises spacers placed between 
an image forming member and a member opposing the 
image forming member The spacers are fixed to the im- 
age forming member, and are in contact with the mem- 
ber opposing the image forming member. 

In a method of manufacturing an image forming ap- 
paratus according to the present invention, the spacers 
placed between an image forming member and a mem- 
ber opposing the image forming member are first fixed 
to the image forming member and brought into contact 
with the member opposing the image forming member 

In the present invention, it is preferable that the 
spacer is brought into contact with the member oppos- 
ing the image forming member via a soft member. The 
soft member is softer than a basic material of the spacer 
and a material of the member opposing the image form- 
ing member with which the space is brought contact. 

The basic material of the space may be a glass ma- 
terial or a ceramic material as described later. The Vick- 
ers hardness of a softer one of the glass materials is 
about 500. The material ol the member opposing the 
image forming member may be printed wirings (silver 
paste having Ag and glass components is printed and 
burned) on a substrate (as described later) of the multi- 
eleclor source. The Vickers hardness of the printed wir- 
ings is almost the same or less than that of the glass 
material. Therefore, the Vickers hardness of the soft ma- 
terial is about 200 or less than 100 so that the effects of 
the present invention are effectively attained. For exam- 
ple, precious metals such as Au, Pt, Pd, Rh and Ag, or 
a parts of alloy of metals, such asCu : have Vickers hard- 
ness of less than 50, those materials are preferable for 
the material of the soft material. 

The spacer in the present invention includes both 
an insulating spacer and a conductive spacer. For ex- 
ample, in the image forming apparatus shown in Fig. 18, 
the fol towing points must be taken into consideration. 

First, when some of the electrons emitted from a 
portion near the spacer 3120 collide with the spacer 
3120, or ions produced owing the effect of emitted elec- 
trons are attached to the spacer 3120, the spacer 3120 
may be charged. Further, if some of the electrons which 
have reached the face plate 31 1 7 are reflected and scat- 
tered by the face plate 31 1 7, and some of the scattered 
electrons collide with the spacer 3120, the spacer 31 20 
maybe charged. If the spacer 3120 is charged in this 
manner, the orbits of the electrons emitted by the cold 
cathode devices 3112 are deflected. As a result, the 
electrons reach improper positions on fluorescent sub- 
stances, and a distorted image is displayed near the 
spacer 3120. 



Second, since a high voltage of several hundred V 
or more (i.e., a high electric field of 1 kV/mm or more) 
is applied between the face plate 3117 and the mufti 
electron source for accelerating the electrons emitted 

5 by the cold cathode devices 31 1 2. discharge may occur 
on the surface of the spacer 3120. When the spacer 
3120 is charged as in the above case, in particular, dis- 
charge may be induced. 

In consideration of the above points, a spacer hav- 

10 ing insulating properties good enough to stand a high 
application voltage and also having a conductive sur- 
face that can relieve the above charged state is prefer- 
ably used in the present invention to suppress deflection 
of Ihe orbits of electron beams and discharge near the 

is spacer. 

According lo the present invention, when the con- 
ductive spacer is arranged, the spacer is preferably 
electrically connected to a conductive member arranged 
on an image forming member and a conductive member 
20 arranged on a member opposing the image forming 
member. In this arrangement, the charge of the spacer 
can be removed by flowing a small current through the 
spacer. 

For example, when the member opposing the im- 

zs age forming member is a substrate on which a plurality 
of electron emitting devices are arranged, and the spac- 
er is fixed with a conductive adhesive to the substrate 
on which the electron emitting devices are arranged, the 
adhesive must be prevented from being squeezed out. 

30 This is because the squeezed adhesive on the substrate 
on which the electron emitting devices are arranged 
may disturb the electric field near the spacer and influ- 
ence the orbits of electrons emitted by the electron-emit- 
ting devices near the spacer. In the present invention, 

35 however, since the spacer is simply brought into contact 
with the member opposing the image forming member, 
and is not fixed lo the member opposing the image form- 
ing member with the adhesive or the like, the above in- 
fluence on the orbits of emitted electrons need not be 

40 considered. 

In the presenl invention, when the conductive spac- 
er is arranged, the soft member is made of a noble metal 
material (lo be described later). Contact of the spacer 
with the member opposing the image forming member 

«s via such a soft metal can improve the electrical connec- 
tion. 

An electron source in the present invention includes 
an electron source having cold cathode devices or hot 
cathode devices. An electron source having cold cath- 

so ode devices such as surface-conduction emission type 
emitting devices, FE type devices, MIM type devices, or 
the like is preferably used in-the present invention. An 
electron source having surface-conduciion emission 
type emitting devices, in particular, is more preferably 

55 used in ihe present invention. 

Since Ihe above-described cold cathode devices 
can emit electrons at a temperature lower than that for 
hoi cathode devices, they do not require any heater. The 
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cold cathode device therefore has a structure simpler 
than that of the hot cathode device and can be micro- 
patterned. Even if a large number of devices are ar- 
ranged on a substrate at a high density, problems such 
as heat fusion of the substrate hardly arise, tn addition, 
the response speed of the cold cathode device is high, 
while the response speed of the hot cathode device is 
low because it operates upon heating by a heater. 

For example, of all the cold cathode devices, a sur- 
face-conduction emission type emitting device, in par- 
ticular, has a simple structure and can be easily manu- 
factured, and a large number of such devices can be 
formed throughout a largo area. 

According to the present invention, each spacer is 
preferably fixed to the image forming member by bond- 
ing the spacer to the image forming member. For exam- 
ple, the spacer may be bonded to the image forming 
member with a joining material such as frit glass which 
is fused when heated. 

The image forming apparatus of the present inven- 
tion has the following forms. 

(1) An electrode is arranged on the image forming 
member. This electrode is an accelerating electrode 
for accelerating electrons emitted by the electron 
source. In the image forming apparatus, an image 
is formed by irradiating the electrons emitted by the 
electron source on the image forming member in 
accordance with an input signal. In the image dis- 
play apparatus, the image forming member is par- 
ticularly a fluorescent substance. 

(2) The electron source is an electron source having 
a simple matrix layout in which a plurality of elec- 
tron-emitting devices are wired in a matrix by a plu- 
rality of row-direction wirings and a plurality of col- 
umn-direction wirings. 

(3) The electron source may be an electron source 
having a ladder-shaped layout in which a plurality 
of rows (to be referred to as a row direction herein- 
after) of a plurality of electron -emitting devices ar- 
ranged parallel and connected at two terminals of 
each device are arranged, and a control electrode 
(to be referred to as a grid hereinafter) arranged 
above the electron-emitting devices along the direc- 
tion (to be referred to as a column direction herein- 
after) perpendicular to these ladder wirings controls 
electrons emitted by the electron-emitting devices. 

(4) According to the concepts of the present inven- 
tion, the image forming apparatus is not limited to 
an image forming apparatus suitable for display. 
The above-mentioned image forming apparatus 
can also be used as a tight-emitting source instead 
of a light-emitting diode for an optical printer made 
up of a photosensitive drum, the light-emitting di- 
ode; and the like. At this time, by properly selecting 
M row-direction wirings and N column-direction wir- 
ings, the image forming apparatus can be applied 
as not only a linear light-emitting source but also a 



10 

two-dimensional light-emitting source. In this case, 
the image forming member Is not limited to a sub- 
stance which directly emits light, such as a fluores- 
cent substance used in embodiments (to be de- 
* scribed below), but may be a member on which a 
latent image is formed by charging of electrons. 

A preferred embodiment of the present invention 
will be described in detail below with reference to the 
10 accompanying drawings. 

The structure of the spacer and a method of assem- 
bling the apparatus, as the features of the embodiment 
of the present invention, will be explained. 

Fig. 1 is a partial sectional view of a display panel 
is showing the characteristic portion of an image display 
apparatus according to the embodiment Fig. 2 sche- 
matically shows the structure of the display panel (to be 
described in detail later). Fig. 1 shows a cross-section, 
taken along a line A-A\ of the display panel having a 
20 structure in which a substrate 1011 having a plurality of 
cold cathode devices 1012 and a transparent face plate 
1017 having a fluorescent film 1018 serving as a light- 
emitting material film face each other through a spacer 
1020. 

2B The spacer 1020 is constituted by forming a high- 
resistance film 11 on the surface of an insulating mem- 
ber 1 to prevent charge-up, and forming low-resistance 
films 21a and 21b on abutment surfaces 3a and 3b of 
the spacer which respectively face the inner surface of 
30 the face plate 1017 and the surface of the substrate 
1011. The spacer 1020 is fixed to only the inner surface 
of the tace plate 1017 via a conductive joining material 
31. Then, the face plate 1017 and the substrate 1011 
are assembled as a display panel. Accordingly, the nigh- 
ts resistance film 11 of the spacer 1020 is electrically con- 
nected to the metal back 1019 formed on the inner sur- 
face of the face plate 1017 via the low-resistance film 
21a and the joining material 31 , and to a row-direction 
wiring 1013 formed on the substrate 1011 via the k>w- 
resistance film 21b. 

A protective film 23 is formed on the side surface of 
the spacer contacting the abutment surface 3a of the 
spacer 1020 on the face plate 101 7 side so as to prevent 
the joining material 31 from directly contacting the high- 
45 resistance film 11 . The protective film 23 is preferably 
made of a material having low reactivity with respect to 
the joining material 31 . The low-resistance film 21a de- 
sirably also functions as a protective film by making the 
film 21a of a material having low reactivity with respect 
so to the joining material 31 . and extending the film 21a to 
the side surface of the spacer. 

In this display panel, the low-resistance film 21b of 
the spacer 1020 on the substrate 1011 side where the 
cold cathode devices 1012 for emitting electrons are 
ss formed is formed on onfy the abutment surface 3b on 
the substrate 1011 side. The potential distribution near 
the substrate 1011 remains unchanged, compared to 
the case wherein no spacer 1020 is arranged. There- 
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fore, the orbits of electrons emitted by the cold cathode 
devices 1012 near the spacer 1020 do not change. 

The mechanical or chemical Influence on the high- 
resistance film 11 in fixing the spacer 1020 to the face 
plate 1017 side via the joining material 31 can be avoid- 
ed by the protective film 23 which is formed on the side 
surface contacting the abutment surface 3a against the 
face plate 1017 side with which accelerated electrons 
collide. Particularly at the joining portion between the 
high-resistance film 11 and the low-resistance film 21a 
where the three, high-resistance film 11 , low-resistance 
film 21a, and joining material 31 (further, the four films 
including the insulating member 1) contact each other, 
chemical reaction easily occurs during heating and the 
like in manufacturing the display panel. It is therefore 
significant to avoid the influence on-the joining portion 
by the protective film 23. When the protective film 23 is 
formed of the extended low-resistance film 21a, the po- 
tential distribution near the face plate 1017 may be dis- 
torted. The electrons emitted by the cold cathode devic- 
es 1 0 1 2 are however accelerated to a great degree near 
the face plate 1017, so the influence of the distortion ol 
the potential distribution on the orbits of the electrons 
are negligible. 

The arrangement ol the display panel ol the image 
display apparatus and a method of manufacturing the 
same according to this embodiment will be described in 
detail. 

Fig. 2 is a partially cutaway perspective view of a 
display panel used in this embodiment, showing the in- 
ternal structure of the display panel. 

In Fig. 2, relerence numeral 1015 denotes a rear 
plate; numeral 1016 denotes a side wall; and numeral 
1017 denotes a face plate. These parts constitute an 
airtight container for maintaining the inside of the display 
panel vacuum. To construct the airtight container, it is 
necessary to seal-connect the respective parts to obtain 
sufficient strength and maintain airtight condition. For 
example, frit glass is applied to junction portions, and 
sintered at 400 to 500° C in air or nitrogen atmosphere, 
thus the parts are seal-connected. A method for ex- 
hausting air from the inside of the container will be de- 
scribed later. In addition, since a vacuum of about 10 -6 
Torr is maintained in the above airtight container, the 
spacers 1020 are arranged as a structure resistant to 
the atmospheric pressure to prevent the airtight contain- 
er from being destroyed by the atmospheric pressure or 
an unexpected impact. 

The rear plate 1015 has the substrate 1011 fixed 
thereon, on which N x M cold cathode devices 1012 are 
formed (M, N = positive integer equal to 2 or more i prop- 
erly set in accordance with a desired number of display 
pixels. For example, in a display apparatus lor high-res- 
olution television display, preferably N = 3,000 or more, 
M = 1 ,000 or more). The N x M cold cathode devices 
are arranged in a simple matrix with the M row-direction 
wirings 1013 and the N column-direction wirings 1014. 
The portion constituted by the components denoted by 



references 1011 to 1014 will be referred to as a mutti 
electron source. 

If the multi electron source used in the image dis- 
play apparatus according to this embodiment is an elec- 
s Iron source constituted by cold cathode devices ar- 
ranged in a simple matrix, the material and shape of 
each cold cathode device and the manufacturing meth- 
od are not specifically limited. For example, therefore, 
cold cathode devices such as surface-conduction emis- 
10 sion type emitting devices, FE type devices, or MIM de- 
vices can be used. 

Next, the structure of a multi electron source having 
surface-conduction emission type emitting devices (to 
be described later) arranged as Gold-cathode devices 
is on a substrate with the simple-matrix wiring will be de- 
scribed below. 

Fig. 3 is a plan view of the multi electron source 
used in the display panel in Fig. 2. There are surface- 
conduction emission type emitting devices like the one 

20 shown in Figs. 7A and 7B on the substrate 1011 . These 
devices are arranged in a simple matrix with the row- 
direction wiring 1013 and the column-direction wiring 
1014. At an intersection of the wirings 1013 and 1014, 
an insulating layer (not shown) is formed between the 

25 wires, to maintain electrical insulation. 

Fig. 4 shows a cross-section cut out along the line 
B - B' in Fig. 3. 

Note that a multi electron source having such a 
structure is manufactured by forming the row- and col- 

30 umn-direction wirings 1013 and 1014 : the inter-elec- 
trode insulating layers (not shown), and the device elec- 
trodes and conductive thin films on the substrate, then 
supplying electricity to the respective devices via the 
row- and col umn-direction wirings 1013 and 1014, thus 

3S performing the forming processing (to be described lat- 
er) and the activation processing (to be described later). 

In this embodiment, the substrate 1011 of the multi 
electron source is fixed to the rear plate 1015 of the air- 
tight container. If, however, the substrate 1011 of the 

40 multi electron source has sufficient strength, the sub- 
strate 1011 of the multi electron source may also serve 
as the rear plate of the airtight container. 

The fluorescent film 1018 is formed on the lower 
surface of the face plate 1017. As this embodiment is a 

<s color display apparatus, the fluorescent film 1013 is 
coated with red, green, and blue fluorescent substanc- 
es, i.e., three primary color fluorescent substances. As 
shown in Fig. 5A, the respective color fluorescent sub- 
stances are formed into a striped structure : and black 

so conductive members 1010 are provided between the 
stripes of the fluorescent substances. The purpose of 
providing the black conductive members 1010 is to pre- 
vent display color misregistration even if the electron- 
beam irradiation position is shifted to some extent, to 

ss prevent degradation of display contrast by shutting off 
reflection of external light, to prevent the charge-up of 
the fluorescent film by the electron beam, and the like. 
As a material for the black conductive members 1010. 



7 



13 



EP 0 869 S31 A2 



14 



graphite is used as a main component, but other mate- 
rials may be used so long as the above purpose is at- 
tained. 

Further, three-primary colors of the fluorescent film 
is not limited to the stripes as shown in Fig. 5A. For ex- & 
ample, delta arrangement as shown in Fig. 5B or any 
other arrangement may be employed. For example, as 
6hown in Fig. 6, the black conductive members 1010 
may be formed not only between the stripes of the re- 
spective colors of the fluorescent film but also in the dt- h> 
r action perpendicular to the stripes so as to separate the 
pixels in the row and column directions. Note that when 
a monochrome display panel is formed, a single-color 
fluorescent substance may be applied to the fluorescent 
film 1018, and the black conductive member may be is 
omitted. 

Furthermore, the metal back 1019, which is well- 
known in the CRT field, is provided on the fluorescent 
film 1018 on the rear plate 1015 side. The purpose of 
providing the metal back 1019 is to improve the light- 20 
utilization ratio by mirror-reflecting part of the light emit- 
ted by the fluorescent film 1018, to protect the fluores- 
cent film 101B from collision with negative ions, to be 
used as an electrode lor applying an electron -beam ac- 
celerating voltage, to be used as a conductive path for 25 
electrons which excited the fluorescent film 1018, and 
the like. The metal back 1019 is formed by forming the 
fluorescent film 1018 on the face plate 1017, smoothing 
the front surface of the fluorescent film, and depositing 
Al (aluminum) thereon by vacuum deposition. Note that 30 
when fluorescent substances for a low voltage is used 
for the fluorescent film 1 01 8, the metal back 1 01 9 is not 
used. 

Furthermore, for application of an accelerating volt- 
age or improvement of the conductivity of the fluores- -35 
cent film 1018 : transparent electrodes made of, e.g., 
ITO may be provided between the face plate 1017 and 
the fluorescent film 1018, although such electrodes are 
not used in this embodiment. 

In sealing the above -described container, the rear *o 
plate 1015, the face plate 1017. and the spacer 1020 
must be sufficiently positioned to make the fluorescent 
substances in the respective colors arranged on the 
face plate 1017 and the devices arranged on the sub- 
strate 1011 correspond to each other. 45 

Fig. 1 is a schematic sectional view of the display 
panel taken along a line A - A* in Fig. 2. The same ref- 
erence numerals in Fig. 1 denote the same parts as in 
Fig. 2. 

Each spacer 1 020 is a member obtained by forming so 
the high-resistance films 1 1 on the surfaces of the insu- 
lating member 1 to prevent charge-up, forming the low- 
resistance films 21a and 21 b on the abutment surfaces 
3a and 3b, of the spacer 1020, which face the inner sur- 
face (on the metal back 1019 and the like) of the face ss 
plate 1017 and the surface of the substrate 1011 (row- 
or column-direction wiring 1013 or 1014), and forming 
the protective film 23 on the side surface of the spacer 



1020 on the abutment surface 3a side. A necessary 
number of spacers 1020 are fixed on the inner surface 
of the face plate 1017 at necessary intervals with the 
joining material 31 to attain the above purpose. In addi- 
tion, the high-resistance films 1 1 are formed at least the 
surfaces, of the surfaces of the insulating member 1 , 
which are exposed in a vacuum in the airtight container. 
The high-resistance films 11 are electrically connected 
to the inner surface of the face plate 1017 (metal back 
1019 and the like) through the tow-resistance film 21a 
and the joining material 31 on the spacer 1020, and to 
the surface of the substrate 1011 (row- or column-direc- 
tion wiring 1 01 3 or 1 01 4) through the low-resistance film 
21b on the spacer 1020. In this embodiment, the spac- 
ers 1020 have a thin flat shape, extend along corre- 
sponding row-direction wirings 1013 at an equal inter- 
val, and are electrically connected thereto. 

The spacer 1020 preferably has insulating proper- 
ties good enough to stand a high voltage applied be- 
tween the row-and column-direction wirings 1013 and 
1014 on the substrate 1011 and the metal back 1019 on 
the inner surfaceof the face plate 1017, and conductivity 
enough to prevent the surface of the spacer 1 020 from 
being charged. 

As the insulating member 1 of the spacer 1020, for 
example, a silica glass member, a glass member con- 
taining a small amount of an impurity such as Na, a so- 
da-lime glass member, or a ceramic member consisting 
of alumina or the like is available. Note that the insulating 
member 1 preferably has a thermal expansion coeffi- 
cient near the thermal expansion coefficients of the air- 
tight container and the substrate 1011. 

The current obtained by dividing an accelerating 
voltage va applied to the face plate 1017 (the metal back 
1019 and the like) on the high potential side by a resist- 
ance Rs of the high -resistance films 1 1 flows in the high- 
resistance films 11 constituting the spacer 1020. The re- 
sistance Rs of the spacer 1020 is set in a desired range 
from the viewpoint of prevention of charge-up and con- 
sumption power A sheet resistance R(f2/sq) is prefera- 
bly set to 10 12 n/sq or less from the viewpoint of pre- 
vention of chargeup. To obtain a sufficient charge-up 
prevention effect, the sheet resistance R is preferably 
set to 10" O/sq or less. The lower limit of this sheet 
resistance depends on the shape of each spacer 1020 
and the voltage applied between the spacers 1 020, and 
is preferably set to 10 s O/sq or more. 

A thickness t of the high-resistance film 11 formed 
on the insulating member 1 preferably falls within a 
range of 10 nm to 1 jim. a thin film having a thickness 
of 10 nm or less is generally formed into an island-like 
shape and exhibits unstable resistance depending on 
the surface energy of the material, the adhesion prop- 
erties with the substrate, and the substrate temperature, 
resulting in poor reproduction characteristics. In con- 
trast to this, if the thickness 1 is 1 urn or more, the film 
stress increases to increase the possibility of peeling of 
the film. In addition, a longer period of time is required 
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to form a film, resulting in poor productivity. The thick- 
ness of the high-resistance film 1 1 preferably falls within 
a range of 50 to 500 nm. The sheet resistance R (O/sq) 
is p/t, and a resistivity p of the high-resistance film 11 
preferably falls within a range of 0. 1 Ocm to 10 8 ncm in 
consideration of the preferable ranges of R (fi/sq) and 
t. To set the sheet resistance and the film thickness in 
more preferable ranges, the resistivity p is preferably set 
to 10*10 10 6 ftcm. 

As described above, when a current flows in the 
high-resistance films 11 formed on the insulating mem- 
ber 1 or the overall display generates heat during oper- 
ation, the temperature of each spacer 1020 rises. If the 
resistance temperature coefficient of the high-resist- 
ance film 11 is a large negative value, the resistance 
decreases with an increase in temperature. As a result, 
the current flowing in the spacer 1020 increases to raise 
the temperature. The current keeps increasing beyond 
the limit of the power source. It is empirically known that 
the resistance temperature coefficient which causes 
such an excessive increase in current is a negative val- 
ue whose absolute value is 1% or more. That is, in the 
case of a negative value, the resistance temperature co- 
efficient of the absolute value of the high-resistance film 
is preferably set to less than -1%. 

As a material for the high-resistance film 11 having 
charge-up prevention properties in the spacer 1020, for 
example, a metal oxide can be used. Of metal oxides, 
a chromium oxide, nickel oxide, or copper oxide is pref- 
erably used. This is because, these oxides have rela- 
tively low secondary electron -emitting efficiency, and 
are not easily charged even if the electrons emitted by 
the cold cathode device 1012 collide with the spacer 
1 020. In addition to such metal oxides, a carbon material 
is preferably used because it has low secondary elec- 
tron-emitting efficiency. Since an amorphous carbon 
material has a high resistance, the resistance of the 
spacer 1 020 can be easily controlled to a desired value. 

An aluminum -transition metal alloy nitride is prefer- 
able as another material lor the high-resistance film 11 
having charge-up prevention characteristics because 
the resistance can be controlled in a wide resistance 
range from the resistance of a good conductor to the 
resistance of an insulator by adjusting the composition 
of the transition metal. This nitride is a stable material 
which undergoes only a slight change in resistance in 
the manufacturing process for the display apparatus (to 
be described later). In addition, this material has a re- 
sistance temperature coefficient of less than -1% and 
hence can be easily used in practice. As a transition 
metal element, Ti, Cr, Ta, or the like is available. 

The alloy nitride film is formed on the insulating 
member 1 by a thin film formation means such as sput- 
tering, reactive sputtering in a nitrogen atmosphere, 
electron beam deposition, ion plating, or ion-assisted 
deposition. A metal oxide film can also be formed by the 
same thin film formation method except that oxygen is 
used instead of nitrogen. Such a metal oxide film can 



also be formed by CVD or alkoxide coating. A carbon 
film is formed by deposition, sputtering, CVD, or plasma 
CVD. When an amorphous carbon film is to be formed, 
in particular, hydrogen is contained in an atmosphere in 

s the process of film formation, or a hydrocarbon gas is 
used as a film formation gas. 

The low-resistance films 21a and 21b of the spacer 
1020 are formed to electrically connect the high-resist- 
ance films 11 to the face plate 1017 (metal back 1019 

10 and the like) on the high potential side and the substrate 

1011 (row- and column-direction wirings 101 3 and 1014 
and the like) on the low potential side. The low-resist- 
ance films 21 and 22 will also be referred to as interme- 
diate electrode layers (intermediate layers) hereinafter. 

is These intermediate electrode layers (intermediate lay- 
ers) have a plurality of functions as described below. 

(1) The low-resistance films serve to electrically 
connect the high-resistance films 11 to the face 

20 plate 1017 and the substrate 1011. As described 
above, the high-resistance films 11 are formed to 
prevent the surface of the spacer 1020 from being 
charged. When, however, the high-resistance films 
1 1 are connected to the face plate 1 01 7 (metal back 

2S 1019 and the like) and the substrate 1011 (wiring 
1013 and 1014 and the like) directly or through the 
joining material 31 , a large contact resistance is pro- 
duced at the interface between the connecting por- 
tions. As a result, the charges produced on the sur- 

30 face of the spacer 1020 may not be quickly re- 
moved. To prevent this, the low-resistance interme- 
diate layers 21a and 21b are formed on the abut- 
ment surfaces of the spacer 1020 or the side sur- 
face portions contacting the abutment surfaces, 

3$ which contact the face plate 1017, the substrate 
1011, and the joining material 31. 

(2) The low-resistance films serve to make the po- 
tential distributions of the high -resistance films 11 
uniform. 

40 

The electrons emitted by the cold cathode devices 

1012 follow the orbits formed in accordance with the po- 
tential distributions formed between the face plate 1017 
and the substrate 1011. To prevent the electron orbits 

45 from being disturbed near the spacers 1020, the entire 
potential distributions of the spacers 1020 must be con- 
trolled. When the high-resistance films 11 are connected 
to the face plate 1017 (metal back 1019 and the like) 
and the substrate 1011 (wirings 101 3 and 101 4 and the 

50 like) directly or through the joining material 31 , variations 
in the connected state occurs owing to the contact re- 
sistance of the interface between the connecting por- 
tions. As a result, the potential distribution of each high- 
resistance film 1 1 may deviate from a desired value. To 

ss prevent this, the low-resistance intermediate layers (21a 
and 21b) are formed along the entire length of the spac- 
er end portions (the abutment surfaces or the side sur- 
face portions contacting the abutment surfaces), of the 
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spacer 1020, which are in contact with the face ptate 
1017 and the substrate 1011 . By applying a desired po- 
tential to each intermediate layer portion, the overall po- 
tential of each high-resistance film 11 can be controlled. 

As a material for the low-resistance films 21a and 5 
21b, a material having a resistance sufficiently lower 
than that of the high-resistance film 11 can be selected. 
For example, such a material is property selected from 
metals such as Ni, Cr. Au, Mo, W, Pt, Tl. Al. Cu, andPd, 
alloys thereof, printed conductors constituted by metals to 
such as Pd, Ag, Au, RuO z , and Pd-Ag or metal oxides 
and glass or the like, transparent conductors such as 
In^a-SnOg, and semiconductor materials such as poly- 
silicon. 

One of the preferable conditions for the material of ts 
the low-resistance films 21a and 21 b is to have charac- 
teristics not to increase the resistance upon changes in 
quality such as oxidization or coagulation and not to 
cause any incomplete conduction at the joining portion 
with the high-resistance film 1 1 during heating and seal- 20 
ing with frit glass in manufacturing the image display ap- 
paratus of this embodiment. From this viewpoint, as a 
preferable material for the low-resistance films 21a and 
21 b : a noble metal material, e.g., particularly platinum 
is available. In this case, the low-resistance film 21a 25 
made of a noble metal is desirably formed via a layer 
made of a metal material such as Ti, Cr. or Ta and having 
a thickness of several nm to several ten nm so as to 
have satisfactory adhesion properties with respect to 
the insulating member 1 or the high-resistance film 11. 30 
This layer is called an underlying layer. 

The thicknesses of the low-resistance films 21 a and 
21 b desirably fall within a range of 1 0 nm to 1 urn. A thin 
film having a thickness ol 10 nm or less is generally 
formed into an island-like shape and exhibits unstable 35 
resistance, resulting in poor reproducibility. In contrast 
to this, if the thickness is 1 um or more, the film stress 
increases to increase the possibility of peeling of the 
film. In addition, a longer period of time is required to 
form a film, resulting in poor productivity. The thickness- *o 
es of the low-resistance films 21 a and 21b preferably 
fall within a range of 50 to 500 nm. 

As described above, the low-resistance film 21a 
formed to electrically connect the high-resistance film 
11 to the face plate 1017 (metal back 1019 and the like) <s 
on the high-potential side is preferably made of a mate- 
rial having low reactivity with respect to the joining ma- 
terial 31. Also in this case, the low-resistance film 21 a 
is preferably obtained by forming a noble metal film such 
as a platinum film on the uppermost surface ol the spac- so 
er. 

A preferable material for the protective film 23 is a 
material which has low reactivity with respect to the join- 
ing material 31 and does not allow the component of the 
joining material 31 to permeate therein. For example, as ss 
a material for the protective film 23, a noble metal such 
as platinum can be used similar to the low-resistance 
film 21a. In this case, the low-resistance film 21 a and 



the protective film 23 can be simultaneously formed of 
the same member. As a material for the protective film 
23, very stable oxides such as AlgO^ St0 2 . and Ta 2 0 5 
or nitrides such as Si 3 N 4 may be used. Note that when 
such an oxide or nitride is used for the protective film 
23, the resistance of the protective film 23 is very high, 
so that the exposure area of the protective film 23 is set 
as smalt as possible from the viewpoint of prevention of 
charge-up and discharge so long as the joining material 
31 and the high-resistance film 11 do not contact each 
other. 

As for the abutment portion of the spacer 1020 
against the substrate 1011 (wiring 1013 or 1014 and the 
like), since the spacer 1020 abuts against the row- or 
column-direction wiring 101 3 or 101 4 at the atmospheric 
pressure, the following points are preferably taken into 
consideration. Particularly when the row- and column- 
direction wirings 101 3 and 1 01 4 formed with a thickness 
of more than 1 mm by printing or other method of cross- 
ing each other via insulating layers (not shown), and cor- 
rugations are formed at abutment portions between the 
row- and column-direction wirings 1013 and 1014 : the 
following points become very effective because the 
stress lends to locally concentrate. 

To prevent damage ol the spacer 1020, the row- and 
column-direction wirings 1013 and 1014, and the like 
owing to the concentration of the stress, a material for 
the low-resistance film 21b is preferably a softer material 
than materials constituting the spacer and wiring (row- 
or column -direction wiring) contacting the spacer. 

Figs. 19 and 20 are views lor explaining the effect 
ol relieving the concentration of the stress in bringing 
the spacer 1020 assembled and fixed to the face plate 
1017 into contact with the substrate 1011 side (wiring 
101 3 or 101 4 or the like). Fig. 1 9 shows a cross section, 
taken along a line A-A' in Fig. 2. the same as Fig. 1 . and 
Fig. 20 shows a cross section, taken along a line C-C' 
in Fig. 2. 

In Fig. 19, one of the portions where the stress eas- 
ily concentrates is an edge portion A at the boundary 
between the abutment surface 3b and the side surface 
portion 5 of the spacer 1020 on the substrate 1011 side. 
By covering the edge portion A with the low-resistance 
film 21b made of a soft material, the stress can be re- 
lieved to prevent damage to the spacer 1 020. 

In Fig. 20, the row-direction wiring 1013 has a pro- 
jecting shape at the portion where the column -direct ion 
wiring 1014 and an insulating layer 1099 exist. Of the 
abutment points against the spacer 1020, the end por- 
tion (portion B) of the projection is also a portion where 
the stress easily concentrates. By covering the end por- 
tion (portion B) of the projection with the low-resistance 
film 21b made of a soft material, the stress can be re- 
lieved to preveni damage to the spacer 1020. 

In the embodiment shown in Figs. 1 and 2, the low- 
resistance film 21b is made of a softer material than a 
material constituting the insulating member 1 serving as 
the substrate of the spacer 1020, and a material consti- 
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tuting the wiring 101 3. Such a soft material used for the 
low-resistance film 21b is preferably a platinum-based 
noble metal such as Pt, Pd, Rh, a noble metal such as 
Au or Ag, or an alloy of noble metals. As a stretchy sys- 
tem, the gold system, the platinum system, and an alloy £ 
system of silver and copper are particularly available. 
Other metals or alloys can be used as the soft material, 
but above-described materials are more preferable. 

The joining material 31 needs to have satisfactory 
conductivity to electrically connect the spacers 1020 to io 
the metal back 1019 of the face plate 1017. For exam- 
ple, a conductive adhesive or conductive frit glass con- 
taining metal particles or conductive filler (ceramic par- 
ticles having conductive surfaces by metal plating) is 
suitably used. is 

Outer terminals Dxl to DxM, Dy1 to DyN, and Hv 
of the display panel are electric connection terminals for 
an airtight structure provided to electrically connect the 
display panel to an electric circuit (not shown). The ter- 
minal Dx1 to DxM are electrically connected to the row- zo 
direction wirings 1013 of the mutti electron source; the 
terminals Dy1 to DyN, to the column-direction wirings 
1014; and the terminal Hv, to the metal back 1019 of the 
face plate. 

To evacuate the airtight container, after forming the 25 
airtight container, an exhaust pipe and a vacuum pump 
(neither is shown) are connected, and the airtight con- 
tainer is evacuated to a vacuum of about 10 7 Torr. 
Thereafter, the exhaust pipe is sealed. To maintain the 
vacuum in the airtight container, a getter film (not shown) so 
is formed at a predetermined position in the airtight con- 
tainer immediately before/alter the sealing. The getler 
film is a film formed by heating and evaporating a getter 
material mainly consisting of : e.g., Ba, by heating or RF 
heating. The suction effect of the getter film maintains 35 
a vacuum of 1 x 10" 5 or 1 x 10' 7 Torr in the container 

In the image display apparatus using the above dis- 
play panel, when voltages are applied to the cold cath- 
ode devices 1012 through the outer terminals Dx1 to 
DxM and Dy1 to DyN : electrons are emitted by the cold *o 
cathode devices 1012. At the same time, a high voltage 
of several hundred V to several kV is applied to the metal 
back 1019 through the outer terminal Hv to accelerate 
the emitted electrons to cause them to collide with the 
inner surface of the face plate 1017. With this operation, *s 
the respective color fluorescent substances constituting 
the fluorescent film 1 01 8 are excited to emit light to dis- 
play an image. 

The voltage to be applied to each surface-conduc- 
tion emission type emitting device 1012 as a cold cath- so 
ode device in this embodiment of the present invention 
is normally set to about 1 2 to 1 6 V; a distance d between 
the metal back 1019 and the cold cathode device 1012, 
about 0.1 mm to 8 mm; and the voltage to be applied 
between the metal back 1019 and the cold cathode da- ss 
vice 1012, about 0.1 kVto 10 kV. 

The basic arrangement of the display panel, the 
method of manufacturing the same, and the image dis- 



play apparatus according to the embodiment of the 
present invention have been briefly described above. 

<Method of Manufacturing Mutti Electron source> 

A method of manufacturing the mufti electron 
source used in the display panel of this embodiment will 
be described below. In manufacturing the multi electron 
source used in the image display apparatus of this em- 
bodiment, any material, shape, and manufacturing 
method for each surface-conduction emission type 
emitting device may be employed as long as an electron 
source can be obtained by arranging cold cathode de- 
vices in a simple matrix. Therefore, cold cathode devic- 
es such as surface-conduction emission type emitting 
devices, FE type devices, or MIM type devices can be 
used. 

Under circumstances where inexpensive display 
apparatuses having large display areas are required, a 
surface-conduction emission type emitting device, of 
these, cold cathode devices, is especially preferable. 
More specifica!ly : the electron-emitting characteristic of 
an FE type device is greatly influenced by the relative 
positions and shapes of the emitter cone and the gate 
electrode, and hence a high-precision manufacturing 
technique is required to manufacture this device. This 
poses a disadvantageous factor in attaining a large dis- 
play area and a low manufacturing cost. According to 
an MIM type device, the thicknesses of the insulating 
layer and the upper electrode must be decreased and 
made uniform. This also poses a disadvantageous fac- 
tor in attaining a large display area and a low manufac- 
turing cost. In contrast to this, a surface -conduct ion 
emission type emitting device can be manufactured by 
a relatively simple manufacturing method, and hence an 
increase in display area and a decrease in manufactur- 
ing cost can be attained. The present inventors have al- 
so found that among the surface-conduction emission 
type emitting devices, an electron emitting device hav- 
ing an electron-emitting portion or its peripheral portion 
consisting of a fine particle film is excellent in electron- 
emitting characteristic and can be easily manufactured. 
Such a device can therefore be most suitably used for 
the multi electron source of a high-brightness, targe- 
screen image display apparatus. For this reason., in the 
display panel of this embodiment, surface-conduction 
emission type emitting devices each having an electron- 
emitting portion or its peripheral portion made of a fine 
particle film are used. The basic structure, manufactur- 
ing method, and characteristics of the preferred surface- 
conduction emission type emitting device will be de- 
scribed first. The structure of the multi electron source 
having many devices wired in a simple matrix will be de- 
scribed later. 
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(Preferred Structure of Surface-conduction emission 
type emitting device and Preferred Manufacturing 
Method) 

Typical examples of surface-conduction emission s 
type emitting devices each having an electron-emitting 
portion or its peripheral portion made of a fine particle 
film include two types of devices, namely flat and step 
type devices. 

10 

(Flat Surface -conduction emission type emitting device) 

First, the structure and manufacturing method of a 
flat surface-conduction emission type emitting device 
will be described. 1 s 

Figs. 7A and 7B are a plan view and-a sectional 
view, respectively, for explaining the structure of the flat 
surface-conduction emission type emitting device. 

Referring to Figs. 7A and 7B, reference numeral 

1 101 denotes a substrate; numerals 1102 and 1103 de- w 
note device electrodes; numeral 1104 denotes a con- 
ductive thin film; numeral 1105 denotes an electron- 
emitting portion formed by the forming processing; and 
numeral 111 3 denotes a thin film formed by the activa- 
tion processing. 2S 

As the substrate 1101, various glass substrates of, 
e.g. : quartz glass and soda-lime glass, various ceramic 
substrates of, e.g. ; alumina, or any of those substrates 
with an insulating layer formed thereon can be em- 
ployed. The device electrodes 1 1 02 and 1 1 03, provided w 
in parallel to the substrate 1101 and opposing to each 
other, comprise conductive material. For example, any 
material of metals such as Ni, Cr, Au, Mo, W, Pt, Ti, Cu, 
Pd and Ag, or alloys of these metals, otherwise metal 
oxides such as In 2 0 3 -Sn0 2 , or semiconductive material 35 
such as polysilicon, can be employed. These electrodes 

1 1 02 and 1 1 03 can be easily formed by the combination 
of a film-forming technique such as vacuum-evapora- 
tion-and a patterning technique such as photolithogra- 
phy or etching, however ; any other method (e.g., printing *o 
technique) may be employed. 

The shape of the electrodes 1102 and 1103 is ap- 
propriately designed in accordance with an application 
object of the electron-emitting device. Generally, an in- 
terval L between electrodes is designed by selecting an <s 
appropriate value in a range from hundreds angstroms 
to hundreds micrometers. Most preferable range for a 
display apparatus is from several micrometers to tens 
micrometers. As for electrode thickness d, an appropri- 
ate value is selected in a range from hundreds ang- so 
stroms to several micrometers. 

The conductive thin film 1104 comprises a fine par- 
ticle film. The "fine particle film" is a film which contains 
a lot of fine particles (including masses of particles) as 
film-constituting members. In microscopic view, normal- ss 
ly individual particles exist in the film at predetermined 
intervals, or in adjacent to each other, or overlapped with 
each other. One particle has a diameter within a range 



from several angstroms to thousands angstroms. Pref- 
erably, the diameter is within a range from 10 angstroms 
to 200 angstroms. The thickness of the film is appropri- 
ately set in consideration of conditions as follows. That 
is, condition necessary for electrical connection to the 
device electrode 1102 or 1103. condition for the forming 
processing to be described later, condition for setting 
electric resistance of the fine particle film rtseff to an ap- 
propriate value to be described later etc. Specifically, the 
thickness of the film is set in a range from several ang- 
stroms to thousands angstroms, more preferably, 10 
angstroms to 500 angstroms. 

Materials used for forming the fine particle film are. 
e.g., metals such as Pd, Pt, flu. Ag, Au, Ti, In, Cu, Cr, 
Fe, Zn, Sn : Ta, W and Pb, oxides such as PdO, SnOg, 
In^Oa, PbO and SD2O3, borides such as HfB^ ZrB^ 
LaB 6 , CeB 6 , YB 4 , carbides such as "TIC, ZrC, HfC, TaC, 
SiC and WC and GdB 4 , nitrides such as TiN, ZrN and 
HfN ; semiconductors such as Si and Ge, and carbons. 
Any of appropriate malerial(s) is appropriately selected. 

As described above, the conductive thin film 1104 
is formed with a fine particle film, and sheet resistance 
of the film is set to reside within a range from 10 3 to 10 7 
(ii/sq). 

As it is preferable that the conductive thin film 1104 
is electrically connected to the device electrodes 1102 
and 1 103, they are arranged so as to overlap with each 
other at one portion. In Fig. 7B. the respective parts are 
overlapped in order of, the substrate 1101, the device 
electrodes 1102 and 1103, and the conductive thin film 
1104, from the bottom. This overlapping order may be, 
the substrate, the conductive thin film, and the device 
electrodes, from the bottom. 

The electron -emitting portion 1105 is a fissured por- 
tion formed at a part of the conductive thin film 1104. 
The electron-emitting portion 1105 has a resistance 
characteristic higher than peripheral conductive thin 
film. The fissure is formed by the forming processing to 
be described later on the conductive thin film 1104. In 
some cases, particles, having a diameter of several ang- 
stroms to hundreds angstroms, are arrangedwithin the 
fissured portion. As it is difficult to exactly illustrate ac- 
tual position and shape of the electron-emitting portion, 
therefore. Figs. 7A and 7B show the fissured portion 
schematically 

The thin film 1113, which comprises carbon or-car- 
bon compound material, covers the electron-em rtting 
portion 1 1 1 5 and its peripheral portion. The thin film 1113 
is formed by the activation processing to be described 
later after the forming processing. 

The thin film 11 13 is preferably graphite monocrys- 
talline, graphite polycrystalline, amorphous carbon, or 
mixture thereof, and its thickness is 500 angstroms or 
less, more preferably, 300 angstroms or less. 

As it is difficult to exactly illustrate actual position or 
shape of the thin film 1113, Figs. 7 A and 7B show the 
film schematically. Fig. 7A shows the device where a 
part of the thin film 11 1 3 is removed. 
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The preferred basic structure of the surface-con- 
duction emission type emitting device is as described 
above. In the embodiment, the device has the following 
constituents. 

That is, the substrate 1101 comprises a soda-lime 5 
glass, and the device electrodes 1102 and 1103. an Ni 
thin film. The electrode thickness d is 1000 angstroms 
and the electrode interval L is 2 urn 

The main material of the fine particle film is Pd or 
PdO. The thickness of the fine particle film is about 1 00 io 
angstroms, and its width W is 100 u/n. 

Next, a method of manufacturing a preferred flat 
surface-conduction emission type emitting device will 
be described with reference to Figs. 8A to SDwhich are 
sectional views showing the manufacturing processes is 
of the surface-conduction emission type emitting de- 
vice. Note that reference numerals are the same as 
those in Figs. 7A and 7B. 

( 1 ) First, as shown in Fig. 8 A, the device electrodes 20 
1102 and 1103 are formed on the substrate 1101. 

In forming the electrodes 1102 and 1103, first, the 
substrate 1101 is fully washed with a detergent, 
pure water and an organic solvent, then, material of 
the device electrodes is deposited there. As a de- 2s 
positing method, a vacuum film-forming technique 
such as evaporation and sputtering may be used. 
Thereafter, patterning using a photolithography 
etching technique is performed on the deposited 
electrode material. Thus, the pair of device elec- 30 
trodes 1 1 02 and 1 1 03 shown in Fig. 8A are formed. 

(2) Next, as shown in Fig. 8B, the conductive thin 
film 1104 is formed. 

In forming the conductive thin film 1104, first, 
an organic metal solvent is applied to the substrate 35 
in Fig. 8A, then the applied solvent is dried and sin- 
tered, thus forming a fine particle film. Thereafter, 
the fine particle film is patterned into a predeter- 
mined shape by the photolithography etching meth- 
od The organic metal solvent means a solvent of *o 
organic metal compound containing material of 
minute particles, used for forming the conductive 
thin film, as main component, i.e., Pd in this embod- 
iment. In the embodiment, application of organic 
metal solvent is made by dipping , however, any oth- 45 
er method such as a spinner method and spraying 
method may be employed. 

As a film-forming method of Ihe conductive thin 
film 1104 made with the minute particles ; the appli- 
cation of organic metal solvent used in the embod- so 
iment can be replaced with any other method such 
as a vacuum evaporation method, a sputtering 
method or a chemical vapor-phase accumulation 
method. 

(3) Then, as shown in Fig. 8C, appropriate voltage ss 
is applied between the device electrodes 1102 and 
1103, from a power source 1110 for the forming 
processing, then the forming processing is per- 



formed, thus forming the electron-emitting portion 
1105. The forming processing here is electric ener- 
gization of a conductive thin film 1104 formed of a 
fine particle film as shown in Fig. 8B, to appropri- 
ately destroy, deform, or deteriorate a part of the 
conductive thin film 1 104, thus changing the film to 
have a structure suitable for electron emission. In 
the conductive thin film 1104, the portion changed 
for electron emission (i.e., electron-emitting portion 
1105) has an appropriate fissure in the thin film. 
Comparing the thin film 1104 having the electron- 
emitting portion 1105 with the thin film before the 
forming processing, the electric resistance meas- 
ured between the device electrodes 1102 and 1103 
has greatly increased. 

The electrification method in the forming 
processing will be explained in more detail with ref- 
erence to Fig. 9 showing an example of waveform 
of appropriate voltage applied from the forming 
power source 1110. 

Preferably, in case of forming a conductive thin 
film of a fine particle film, a pulse-form voltage is 
employed. In this embodiment, as shown in Fig. 9, 
a triangular-wave pulse having a pulse width T1 is 
continuously applied at pulse interval of T2. Upon 
application, a wave peak value Vpf of the triangular- 
wave pulse is sequentially increased. Further, a 
monitor puise Pm to monitor status of forming the 
electron-emitting portion 1105 is inserted between 
the triangular-wave pulses at appropriate intervals, 
and current that flows at the insertion is measured 
by a galvanometer 1111. 

In this embodiment, in 10 ,S Torr vacuum atmos- 
phere, the pulse width T1 is set to 1 msec; and the 
pulse interval T2, to 10 msec. The wave peak value 
Vpf is increased by 0.1 V, at each pulse. Each time 
the triangular-wave has been applied for five puls- 
es, the monitor pulse Pm is inserted. To avoid ill- 
effecting the forming processing, a voltage Vpm of 
the monitor pulse is set to 0.1 V When the electric 
resistance between the device electrodes 1102 and 
1 1 03 becomes 1 x 1 0 6 n, i.e. , the current measured 
by the galvanometer 1111 upon application of mon- 
itor pulse becomes 1 x 10' 7 A or less, the electrifi- 
cation of the forming processing is terminated. 

Note that the above processing method is pref- 
erable to the surface -conduction emission type 
emitting device of this embodiment. In case of 
changing the design of the surface-conduction 
emission type emitting device concerning, e.g.. the 
material or thickness of the tine particle film, or the 
device electrode interval L, Ihe conditions for elec- 
trification are preferably changed in accordance 
with the change of device design. 
(4) Next, as shown in Fig. 8D, appropriate vollage 
is applied, from an activation power source 1112. 
between the device electrodes 1102 and 1 103. and 
the activation processing is performed to improve 
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electron-emitting characteristic. The activation 
processing here is electrification of the electron - 
emitting portion 1105 shown in Fig. 8C, formed by 
the forming processing, on appropriate condition 
(s), for depositing carbon or carbon compound s 
around the electron-emitting portion 1105 (In Fig. 
80, the deposited material of carbon or carbon com- 
pound is shown as material 1113). Comparing the 
electron-emitting portion 1105 with that before the 
activation processing, the emission current at the *o 
same applied voltage has become, typically 100 
times or greater. 

The activation is made by periodically applying a 
voltage pulse in 1 0* 2 or 10* s Torr vacuum atmosphere, is 
to accumulate carbon or carbon compound mainly de- 
rived from organic compound(s) existing in the vacuum 
atmosphere. The accumulated material 1113 is any of 
graphite monocrystalline, graphite pofycrystalline, 
amorphous carbon or mixture thereof. The thickness of 20 
the accumulated material 1 1 1 3 is 500 angstroms or less, 
more preferably. 300 angstroms or less. 

The electrification method in this activation 
processing will be described in more detail with refer- 
ence to Fig. 10A showing an example of waveform of 25 
appropriate voltage applied from the activation power 
source 1112. In this example ; a rectangular-wave volt- 
age Vac is set to 14 V; a pulse width T3, to 1 msec; and 
a pulse interval T4, to 1 0 msec. Note that the above elec- 
trification conditions are preferable for the surface-con- w 
duction emission type emitting device of the embodi- 
ment. In a case where the design of the surface-con- 
duction emission type emitting device is changed, the 
electrification conditions are preferably changed in ac- 
cordance with the change of device design. 35 

In Fig. SD, reference numeral 1114 denotes an an- 
ode electrode, connected to a direct -current (DC) high- 
voltage power source 1115 and a galvanometer 1116. 
for capluring emission current le emitted from the sur- 
face-conduction emission type emitting device. In a 40 
case where the substrate 1101 is incorporated into the 
display panel before the activation processing, the Al 
layer on the fluorescent surface of the display panel is 
used as the anode electrode 1114. While applying volt- 
age from the activation power source 1112, the galva- 
nometer 1116 measures the emission current le, thus 
monitors the progress of activation processing, to con- 
trol the operation of the activation power source 1112. 
Fig. 10B shows an example of the emission current le 
measured by the galvanometer 1116. so 

As application of pulse voltage from the activation 
power source 1112 is started in this manner, the emis- 
sion current le increases with elapse of time, gradually 
comes into saturation, and almost never increases then. 
At the substantial saturation point, the voltage applica- ss 
tion from the activation power source 1112 is stopped, 
then the activation processing is terminated. 

Note that the above electrification conditions are 



preferable to the surface-conduction emission type 
emitting device of the embodiment. In case of changing 
the design of the surface-conduction emission type 
emitting device, the conditions are preferably changed 
in accordance with the change of device design. 

As described above, the surface-conduction emis- 
sion type emitting device as shown in Fig. 8E is manu- 
factured. (Step Surface-conduction emission type emit- 
ting device) 

Next, another typical structure of the surface-con- 
duction emission type emitting device where an elec- 
tron-emitting portion or its peripheral portion is formed 
of a fine particle film, Le., a stepped surface-conduction 
emission type emitting device will be described. 

Fig. 11 is a sectional view schematically showing 
the basic construction of the step surface-conduction 
emission type emitting device. 

Referring to Fig. 11, reference numeral 1201 de- 
notes a substrate; numerals 1202 and 1203 denote de- 
vice electrodes; numeral 1206 denotes a step-forming 
member lor making height difference between the elec- 
trodes 1202 and 1203; numeral 1204 denotes a conduc- 
tive thin film using a fine particle film; numeral 1205 de- 
notes an electron-emitting portion formed by the forming 
processing; and numeral 1213 denotes a thin film 
lormed by the activation processing. 

Difference between the step surface -conduction 
emission type emitting device from the above-described 
flat electron-emitting device structure is that one of the 
device electrodes (1202 in this example) is provided on 
the step-lorming member 1 206 and the conductive thin 
film 1204 covers the side surface ol the step-forming 
member 1206. The device interval L in Figs. 7A and 7B 
is set in this structure as a height difference Lst corre- 
sponding to the height of the step-forming member 
1206. Note that the substrate 1201, the device elec- 
trodes 1 202 and 1 203 ; the conductive thin film using the 
fine particle film can comprise the materials given in the 
explanation of the flat surface -con duction emission type 
emitting device. Further, the step-forming member 1 206 
comprises electrically insulating material such as SiO^ 

Next a method of manufacturing the stepped sur- 
face-conduction emission type emitting device will be 
described with reference Figs. 12A to 12F which are 
sectional views showing the manufacturing processes. 
In these figures, reference numerals of the respective 
parts are the same as those in Fig. 10. 

(1 ) First, as shown in Fig. 1 2A, the device electrode 
1203 is lormed on the substrate 1 201 . 

(2) Next, as shown in Fig. 12B : the insulating layer 
1206 for forming the step-forming member is de- 
posited. The insulating layer 1206 may be formed 
by accumulating, e.g. , SiO z by a sputtering method, 
however, the insulating layer may be formed by a 
film-forming method such as a vacuum evaporation 
method or a printing method. 

(3) Next, as shown in Fig. 12C, the device electrode 
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1 202 is formed on the insulating layer 1 20G. 

(4) Next, as shown in Fig. 120, a part of the insu- 
lating layer 1206 in Fig. 12C is removed by using, 
e.g., an etching method, to expose the device elec- 
trode 1203. 

(5) Next, as shown in Fig. 12E, the conductive thin 
film 1204 using the fine particle film is formed. Upon 
formation, similar to the above-described flat device 
structure, a film-forming technique such as an ap- 
plying method is used. 

(6) Next, similar to the flat device structure, the 
forming processing is performed to form the elec- 
tron-emitting portion 1205. (The forming processing 
similar to that explained using Fig. 8C may be per- 
formed). 

(7) Next, similar to the flat device structure, the ac- 
tivation processing is performed to deposit carbon 
or carbon compound around the electron-emitting 
portion. (Activation processing similar to that ex- 
plained using Fig. 8D may be performed). 

As described above, the stepped surface-conduc- 
tion emission type emitting device shown in Fig. 12F is 
manufactured. 

(Characteristic of Surface-conduction emission type 
emitting device Used in Display Apparatus) 

The structure and manufacturing method of the flat 
surface-conduction emission type emitting device and 
those o( the stepped surface-conduction emission type 
emitting device are as described above. Next, the char- 
acteristic of the electron-emitting device used in the dis- 
play apparatus will be described below. 

Fig. 13 shows a typical example of (emission cur- 
rent le) to (device voltage (i.e., voltage to be applied to 
the device) Vf) characteristic and (device current If) to 
(device application voltage Vf) characteristic of the de- 
vice used in the display apparatus of this embodiment. 
Note that compared with the device current If, the emis- 
sion current le is very small, therefore it is difficult to il- 
lustrate the emission current le by the same measure of 
that for the device current If. In addition, these charac- 
teristics change due to change of designing parameters 
such as the size or shape of the device. For these rea- 
sons, two lines in the graph of Fig. 13 are respectively 
given in arbitrary units. 

Regarding the emission current le, the device used 
in the display apparatus has three characteristics as fol- 
lows: 

First, when voltage of a predetermined level (re- 
ferred to as "threshold voltage Vth*) or greater is applied 
to the device, the emission current I e drastically increas- 
es, however, with voltage lower than the threshold volt- 
age Vth, almost no emission current le is detected. That 
is, regarding the emission current le, the device has a 
nonlinear characteristic based on the clear threshold 
voltage Vth. 



Second, the emission current le changes in de- 
pendence upon the device application voltage Vf. Ac- 
cordingly, the emission current le can be controlled by 
changing the device voltage Vf . 
s Third, the emission current le is output quickly in 
response to application of the device voftage Vf to the 
surface-conduction emission type emitting device. 
Accordingly, an electrical charge amount of electrons to 
be emitted from the device can be controlled by chang- 
io ing period of application of the device voltage Vf. 

The surface-conduction emission type emitting de- 
vice with the above three characteristics is preferably 
applied to the display apparatus. For example, in a dis- 
play apparatus having a large number of devices pro- 
is vided corresponding to the number of pixels of a display 
screen, if the first characteristic is utilized, display by se- 
quential scanning of display screen is possible. This 
means that the threshold voltage Vth or greater is ap- 
propriately applied to a driven device, while voltage low- 
20 er than the threshold voltage Vth is applied to an unse- 
lected device. In this manner, sequentially changing the 
driven devices enables display by sequential scanning 
of display screen. 

Further, emission luminance can be controlled by 
2S utilizing the second or third characteristic, which ena- 
bles multi-gradation display. 

(Structure of Multi Electron source With Many Devices 
Wired in Simple Matrix) 

30 

Next : the structure of the multi electron source hav- 
ing the above-described surface-conduction emission 
type emitting devices arranged on the substrate with the 
simple-matrix wiring will be described below. 

35 Fig. 3 is a plan view of the multi electron source 
used in the display panel in Fig. 2. There are surface- 
conduction emission type emitting devices like the one 
shown in Figs. 7A and 7B on the substrate 1011 . These 
devices are arranged in a simple matrix with the row- 
direction wiring 1013 and the column-direction wiring 
1014. At an intersection of the wirings 1013 and 1014, 
an insulating layer (not shown) is formed between the 
wires, to maintain electrical insulation. 

Fig. 4 shows a cross-section cut out along the line 

*s B - B' in Fig. 3. 

Note that a multi electron source having such a 
structure is manufactured by forming the row- and col- 
umn-direction wirings 1013 and 101 4 : the inter-elec- 
trode insulating layers (not shown), and the device elec- 

so trodes and conductive thin films of the surface-conduc- 
tion emission type emitting devices on the substrate, 
then supplying electricity to the respective devices via 
the row- and column -direction wirings 1013 and 1014, 
thus performing the forming processing (to be described 

ss later) and the activation processing (to be described lat- 
er). 

Fig. 14 is a block diagram showing the schematic 
arrangement of a driving circuit for performing television 
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display on the basis of a television signal of the NTSC 
scheme. Referring to Fig. 14, a display panel 1701 cor- 
responds to the display panel described above. This 
panel is manufactured and operates in the same man- 
ner described above. A scanning circuit 1 702 scans dis- 
play lines. A control circuit 1703 generates signals and 
the like to be input to the scanning circuit. A shift register 
1704 shifts data in units of lines. A line memory 1705 
inputs 1 -line data from the shift register 1 704 to a mod- 
ulated signal generator 1 707. A sync signal separation 
circuit 1706 separates a sync signal from an NTSC sig- 
nal. 

The function of each component in Fig. 1 4 will be 
described in detail below. 

The display panel 1 701 is connected to an external 
electric circuit through terminals Dx1 to DxM and Dyl to 
DyN and a high-voltage terminal Hv. Scanning signals 
for sequentially driving the multi electron source in the 
display panel 1701, i.e., the cold cathode devices wired 
in a M x N matrix in units ol lines (in units ol n devices) 
are applied to the terminals Dxl to DxM. Modulated sig- 
nals for controlling the electron beams output from n de- 
vices corresponding to one line, which are selected by 
the above scanning signals, are applied to the terminals 
Dyl to DyN. For example, a DC voltage of 5 kV is applied 
from a DC voltage source Va to the high-voltage terminal 
Hv. This voltage is an accelerating voltage for giving en- 
ergy enough to excite the fluorescent substances to the 
electron beams output from the multi electron source. 

The scanning circuit 1702 will be described next. 
This circuit incorporates M switching elements (denoted 
by reference symbols S1 to SM in Fig. 14). Each switch- 
ing element serves to select either an output voltage 
from a DC voltage source Vx or 0 V (ground level) and 
is electrically connected to a corresponding one of the 
terminals Dx1 to DxM of the display panel 1701. The 
switching elements S1 to SM operate on the basis of a 
control signal TSCAN output Irom the control circuit 
1703. In practice, this circuit can be easily formed in 
combination with switching elements such as FETs. The 
DC voltage source Vx is set on the basis of the charac- 
teristics of the electron-emitting device in Fig. 13 to out- 
put a constant voltage such that the driving voltage lo 
be applied to a device which is not scanned is set to an 
electron emission threshold voltage Vth or lower 

The control circuit 1703 serves to match the oper- 
ations of the respective components with each other to 
perform proper display on the basis of an externally in- 
put image signal. The control circuit 1703 generates 
control signals TSCAN, TSFT, andTMRYfortha respec- 
tive components on the basis of a sync signal TSYNC 
sent from the sync signal separation circuit 1706 to be 
described next. The sync 6ignal separation circuit 1706 
is a circuit for separating a sync signal component and 
a luminance signal component from an externally input 
NTSC television signal. As is known well, this circuit can 
be easily formed by using a frequency separation (filter) 
circuit. The sync signal separated by the sync signal 



separation circuit 1 706 is constituted by vertical and hor- 
izontal sync signals, as is known well. In this case, tor 
the sake of descriptive convenience, the sync signal is 
shown in Fig. 14 as the signal TSYNC. The luminance 
« signal component of an image, which is separated from 
the television signal, is expressed as a signal DATA for 
the sake of descriptive convenience. This signal is input 
to the shift register 1704. 

The shift register 1704 performs serial/parallel con- 
io version of the signal DATA, which is serially input in a 
time-series manner, in units of lines of an image. The 
shift register 1704 operates on the basis of the control 
signal TSFT sent from the control circuit 1703. In other 
words, the control signal TSFT is a shift clock for the 

'5 shift register 1 704. One-line data (corresponding to driv- 
ing data for n electron-emitting devices) obtained by se- 
rial/parallel conversion is output as N signals ID1 to IDN 
Irom the shift register 1704. 

The line memory 1 705 is a memory for storing 1 -line 

20 data for a required period of time. The line memory 1 705 
properly stores the contents of the signals ID1 to IDN in 
accordance with the control signal TMRY sent from the 
control circuit 1703. The stored contents are output as 
data l*D1 to I'DN lo be input to the modulated signal gen- 

25 erator 1707. 

The modulated signal generator 1707 is a signal 
source for performing proper driving/modulation with re- 
spect to each electron-emitting device 1 01 5 in accord- 
ance with each of the image data I'D1 to I'DN. Output 

30 signals from the modulated signal generator 1707 are 
applied to the electron-emitting devices 1015 in the dis- 
play panel 1701 through the terminals Dy1 to DyN. 

The surface-conduction emission type emitting de- 
vice according to this embodiment has the following ba- 

35 sic characteristics with respect to an emission current 
le, as described above with reference to Fig. 13. A clear 
threshold voltage Vth (6 V in the surface^onduction 
emission type emitting device of the embodiment de- 
scribed later) is set for electron emission. Each device 

-*0 emits electrons only when a voltage equal to or higher 
than the threshold voltage Vth is applied. In addition, the 
emission current le changes with a change in voltage 
equal to or higher than the electron emission threshold 
voltage Vth, as indicated by the graph of Fig. 13 Obvi- 

4S ously, when a pulse-like voltage is to be applied to this 
device, no electrons are emitted if the voltage is tower 
than the electron emission threshold voltage Vth. If, 
however, the voltage is equal to or higher than the elec- 
tron emission threshold voltage Vth, the surface-con - 

so duction emission type emitting device emits an electron 
beam. In this case, the intensity of the output electron 
beam can be controlled by changing a peak value Vm 
of the pulse. In addition, the total amount of electron 
beam charges output from the device can be controlled 

ss by changing a width Pw of the pulse. 

As a scheme of modulating an output from each 
electron-emitting device in accordance with an input sig- 
nal, therefore, a voltage modulation scheme, a pulse 
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width modulation scheme, or the like can be used, fn 
executing the voltage modulation scheme, a voltage 
modulation circuit tor generating a voltage pulse with a 
constant length and modulating the peak value of the 
pulse in accordance with input data can be used as the 
modulated signal generator 1 707. tn executing the pulse 
width modulation scheme, a pulse width modulation cir- 
cuit for generating a voltage pulse with a constant peak 
value and modulating the width of the voltage pulse in 
accordance with input data can be used as the modu- 
lated signal generator 1707. 

As the shift register 1704 and the line memory 1705 
may be of the digital signal type or the analog signal 
type. That is, it suffices if an image signal is serial/par- 
allel-converted and stored at predetermined speeds. 

When the above components are of the digital sig- 
nal type, the output signal DATA from the sync digital 
signal separation circuit 1706 must be converted into a 
digital signal. For this purpose, an A/D converter may 
be connected to the output terminal of the sync signal 
separation circuit 1706. Slightly different circuits are 
used for the modulated signal generator depending on 
whether the line memory 1705 outputs a digital or ana- 
log signal. More specifically, in the case of the voltage 
modulation scheme using a digital signal, for example, 
a D/A conversion-circuit is used as the modulated signal 
generator 1 707. and an amplification circuit and the like 
are added thereto, as needed. In the case of the pulse 
width modulation scheme, for example, a circuit consti- 
tuted by a combination of a high-speed oscillator, a 
counter for counting the wave number of the signal out- 
put from the oscillator, and a comparator for comparing 
the output value from the counter with the output value 
from the memory is used as the modulated signal gen- 
erator 1 707. This circuit may include, as needed, an am- 
plifier for amplifying the voltage of the pulse width mod- 
ulated signal output from the comparator to the driving 
voltage for the electron-emitting device. 

In the case of the voltage modulation scheme using 
an analog signal, for example, an amplification circuit 
using an operational amplifier and the like may be used 
as the modulated signal generator 1 707 : and a shift level 
circuit and the tike may be added thereto, as needed. In 
the case of the pulse width modulation scheme, for ex- 
ample, a voltage -controlled oscillator (VCO) can be 
used, and an amplifier for amplifying an output from the 
oscillator to the driving voltage for the electron -emitting 
device can be added thereto, as needed. 

In the image display apparatus of this embodiment 
which can have one of the above arrangements, when 
voltages are applied to the respective electron-emitting 
devices through the ouler terminals Dx1 to DxMand Dy 1 
to DyN. electrons are emitted. A high voltage is applied 
to the metal back 1019 or the transparent electrode (not 
shown) through the high-voltage terminal Hv to acceler- 
ate the electron beams. The accelerated electrons col- 
lide with the fluorescent film 1018 to cause it to emit light, 
thereby forming an image. 



The above arrangement of the image display appa- 
ratus is an example of an image forming apparatus to 
which the present invention can be applied, various 
changes and modifications of this arrangement can be 
5 made within the spirit and scope of the present inven- 
tion. Although a signal based on the NTSC scheme is 
used as an input signal, the input signal is not limited to 
this. For example, the PAL scheme and the SECAM 
scheme can be used. In addition, a TV signal (high-def- 
w inition TV such as MUSE) scheme using a larger 
number of scanning lines than these schemes can be 
used. 

(Embodiment) 

The present invention will be further described be- 
low by referring to embodiments. 

In the respective embodiments described below, a 
multi electron source is formed by wiring N x M (N = 
3,072. M = 1 : 024) surface-conduction emission type 
emitting devices, each having an electron-emitting por-- 
tion at a conductive fine particle film between electrodes 
as described above, in a matrix using M row-direction 
wirings and N column -direction wirings (see Figs. 2 and 
3). 

In the respective embodiments describedbelow, as 
shown in Fig. 6, the face plate 1017 has the fluorescent 
film 1016 in which fluorescent substances in respective 
colors have striped shapes extending in the column di- 
rection (Y direction), and the black conductive members 
1010 are arranged not only between the stripes of the 
fluorescent substances in the respective colors but also 
in the direction (X direction) perpendicular to the stripes 
so as to separate the pixels in the row and column di- 
rections. 

(First Embodiment) 

In the first embodiment, an image display apparatus 
with a display panel using the spacers 1020 described 
with reference to Figs. 1 and 2 was manufactured. The 
first embodiment will be described in detail below with 
reference to Figs. 1 and 2. 

A spacer 1020 used in the first embodiment was 
manufactured in the following manner. 

(1 ) Glass of the same kind as glass for a face plate 
1017 and a substrate 1011 was used, and cut and 
polished into a length of 20 mm : a height of 5 mm, 
and a thickness of 0.2 mm. The resultant glass was 
used as an insulating member 1 . 

(2) As a high-resistance film 11 , a Cr-AI alloy nitride 
film was formed on the surface of the insulating 
member 1. The high-resistance film 11 was formed 
to have a thickness of 200 nm by reactive sputtering 
simultaneously using Cr and Al targets in the nitride 
gas atmosphere. The sheet resistance ol the high- 
resistance film 11 was about 10 9 Q/sq. 
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(3) On the insulating member 1 having the surface 
covered with the high-resistance film 1 1 , low-resist- 
ance films 21a and 21b and a protective film 23 
were sequentially formed on abutment surfaces 3a 
and 3b on the face plate 101 7 side and the substrate s 
1011 side, and the side surface on the face plate 
side by RF-sputtering Ti and Pt targets to thickness- 
es of 50 angstrom and 2,000 angstrom. The remain- 
ing portion except for the film-forming portions was 
covered with a metal mask. As a layer below the Pt 
layer, a 50 angstrom thick Cr layer or 50 angstrom 
thick Ta layer was formed in stead of the Ti layer. 

A display panel was assembled by the following 
process using the spacers 1020 manufactured in the 
above manner 

(1 ) A joining material 31 (line width: 250 urn, height 
200 jim) made of conductive frit glass, which con- 
tained a conductive filler with a surface coated by 20 
gold, was applied through a metal back 1019 onto 

a portion to abut against each spacer 1 020 in a re- 
gion (line with: 300 urn) extending in the row direc- 
tion (X direction) of a black conductive member 
1010 of a fluorescent film 101 6 on the face plate 25 
1017 side. 

(2) The spacer 1020 was arranged in the region of 
the lace plate 1017 where the joining material 31 
was applied, sintered in air at 400° C to 500°C for 

10 min or more to adhere the spacer 1020 to the & 
lace plate 1017 side, and also electrically connect- 
ed lo the metal back 1019. In this case, the spacer 
1020 was satisfactorily positioned with respect to 
the face plate 1017. Particularly, the inclination (up- 
right angle) of the spacer 1020 with respect to the 3$ 
surface of the face plate 1017 was adjusted to fall 
within the range of 90 tt ±5°. 

(3) A substrate 1011 on which row- and column -di- 
rect ion wirings 1013 and 1014, inter-electrode insu- 
lating layers (not shown), and device electrodes *o 
and conductive thin films of surface -conduction 
emission type emitting devices were formed was 
satisfactorily positioned and fixed to a rear plate 
1015. 

The row- and column-direction wirings 1013 <s 
and 1014 were formed by that silver paste including 
Ag and glass components is printed and then 
burned. 

As shown in Fig. 20, each row-direction wiring 
1013 has a projecting shape at a portion where the so 
column-direction wiring 1014 and an insulating lay- 
er 1099 exist. 

(4) The face plate 1017 to which the spacers 1020 
were adhered, and the rear plate 1015 lo which the 
substrate 1011 was fixed were made to face each ss 
other through side walls 1 016. In this case, the abut- 
ment end of each spacer 1020 on which the low- 
resistance film 21b was formed was arranged 



above the row-direction wirings 1013 on the rear 
plate 1015 side, and the rear plate 1015, the face 
plate 1017, and the side walls 1016 were fixed, as 
shown in Figs. 1 , 2, and 20. The joining portions be- 
tween the substrate 1011 and the rear plate 1015, 
between the rear plate 1015 and the side walls 
1016, and between the face plate 1017 and the side 
walls 1016 were coated with frit glass (not shown). 
The resultant structure was sintered at 400°C to 
500°C in air for 10 min or more to seal the compo- 
nents. In this case, the rear plate 1015 and the face 
plate 1017 were satisfactorily positioned in order to 
make the fluorescent substances in respective 
colors on the face plate 101 7 and cold cathode de-* 
vices 1012 on the substrate 1011 correspond to 
each other. 

The airtight container constituting the display panel 
was completed by the above process. 

The airtight container completed in the above proc- 
ess was evacuated by a vacuum pump through an ex- 
haust pipe (not shown) to attain a sufficient vacuum. 
Thereafter, power was supplied to the respective devic- 
es through the outer terminals Dx1 to OxM and Dy1 to 
DyN. the row-direction wirings 1013, and the column- 
direction wirings 1014 to perform the above forming 
processing and activation processing, thereby manu- 
facturing a multi electron source. 

The exhaust pipe (not shown) was heated and weld- 
ed to seal the envelope (airtight container) in a vacuum 
ol about 10* 6 Torr using a gas burner. 

Finally, gettering was performed to maintain the 
vacuum after sealing. 

In the image display apparatus using the display 
panel completed in the above process and shown in 
Figs. 1 and 2, scanning signals and modulated signals 
were applied from a signal generating means (not 
shown) to the respective cold cathode devices (surface - 
conduction emission type emitting devices) 1012 
through the outer terminals Dx1 to DxM and Dy1 to DyN 
to cause the devices to emit electrons. A high voltage 
was applied to the metal back 1019 through the high- 
vottage terminal Hv to accelerate the emitted electron 
beams to cause the electrons to collide with the fluores- 
cent film 1018. As a result, the fluorescent substances 
in the respective colors (R, G, and B in Fig. 6) were ex- 
cited to emit light, thereby displaying an image. Note that 
a voltage va to be applied to the high-voltage terminal 
Hv was set to 3 kV to 10 kV, and a voltage VI to be ap- 
plied between each row-direction wiring 101 3 and each 
column-direction wiring 1014 was set to 14 V 

In this case, emission spot rows were formed two- 
dimensionally at equal intervals, including emission 
spots formed by the electrons emitted by the cold cath- 
ode devices 1012 near the spacers 1020. As a result a 
clear color image with good color reproduction charac- 
teristics could be displayed. This indicates that the for- 
mation of the spacers 1020 did not produce any electric 
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field disturbance lhat affected the orbits of electrons. 

An embodiment using spacers 1020 with no protec- 
tive layer 23 is also one of the embodiments of the 
present invention, and the same effects as those de- 
scribed above can also be obtained. However, the first 
embodiment in which the protective layer 23 is formed 
on the spacer 1020 is more preferable in terms of pre- 
vention of distortion of a display image near the spacer 
1020, 

An embodiment in which a low-resistance film 21b 
on a substrate 1011 side having cold cathode devices 
1012 is formed to the side surface portion (height: 0.3 
mm) of a spacer 1020 is also one of the embodiments 
of the present invention, and the same effects as those 
described above can be obtained. However, the first em- 
bodiment (Figs. 1 and 19) is more preferable in order to 
prevent distortion of a display image near the spacer 
1020 which is caused by the shift of Ihe electron beam 
in the direction away from the spacer 1020. 

In the first embodiment, the spacer 1020 is abutted 
against the substrate 1011 via a soft material at the at- 
mospheric pressured applied upon evacuating the air- 
tight container. Compared to the case wherein the dis- 
play panel is assembled using the joining material 31 on 
both the face plate 1017 side and the substrate 1011 
side, the spacer can be more reliably prevented from 
falling down and being damaged at the abutment por- 
tion. Further, the spacer is electrically connected on the 
substrate 101 1 side more reliably. This leads to easy as- 
sembling of the airtight container and an increase in 
yield. 

(Second Embodiment) 

In the second embodiment, as a protective layer 23, 
a silicon nitride film (thickness: 500 nm, height: 0.3 mm) 
serving as an insulating film was used. As a result an 
image could be displayed similarly to the first embodi- 
ment. 

As has been described above, according to the 
present invention, an image forming apparatus having 
spacers excellent in fixing strength inside the apparatus 
can be provided. 

Particularly, an image forming apparatus having 
spacers which are fixed on an image forming member 
but only abutted on a member opposing the image form- 
ing member, and are excellent in fixing strength inside 
the apparatus can be provided. 

In addition, a method of manufacturing an image 
forming apparatus, which can facilitate arrangement of 
spacers in assembling the image forming apparatus be- 
cause one end ol each spacer is only abutted, can be 
provided. 

According to the manufacturing method ot the 
present invention, the spaces are disposed between the 
image forming member and the member opposing the 
image forming member, and are only fixed to the image 
forming member. This results in the merits as follows. 



If the spacers are fixed to both the Image forming 
member and the member opposing the image forming 
member, then the mechanical and electrical connec- 
tions between the spacers and both the image forming 
5 member and the member opposing the image forming 
member, are simultaneously performed by pressing the 
spacers toward the member and the image forming 
member with a predetermined pressure. In order to 
press the spacers with the predetermined pressure, 
10 since the surfaces of the member and the image forming 
member must be in parallel and heights of the spacers 
must be even, the mechanical accuracy of the manufac- 
turing apparatus is requested. Further, in order to simul- 
taneously fasten the spacers to both the image forming 

'5 member and the member opposing the image forming 
member, the higher pressure is needed and this causes 
cost-up of the manufacturing apparatus. 

According to the present invention, the spacers are 
fixed to the image forming member so that mechanical 

20 and electrical connections between the spacers and im- 
age forming member are reliably attained and the pres- 
sure to the spacer can be reduced upon fastening the 
spacers. Since the spacers are not simultaneously fixed 
to the member opposing the image forming member, the 

25 unevenness of the pressure to the spacers is not caused 
because of the warp of the member. Further, even if the 
image forming member was warped, it would be easy 
that the mechanical portions for pressuring the spacers 
are divided into plural sections in respect with an area 

30 of the image forming member so that the uniformity of 
the pressure to the spacers can be accomplished. 

Furthermore, according to the present invention, 
the spacers placed between the image forming member 
and the member opposing the image forming member 

3£ are first fixed to the image forming member and brought 
into contact with the member opposing the image form- 
ing member. The inside of the image display panel has 
been made vacuous so that the electrical contact be- 
tween the spacers and the member opposing the image 

-*o forming member becomes more reliable. Therefore, the 
degree of the parallel on the surfaces of the member 
and the image forming member and the uniformity of 
heights of the spacers can be degraded. 

As for a conductive spacer, the charge-up of the sur- 

45 face of the spacer, and errors of electrical connection at 
the connected portion of the spacer can be reduced. 

The number of factors of shifting the electron orbit 
near the spacer can be decreased. 

Since the orbit of the electron beam hardly shifts, 

so an image forming apparatus capable of displaying a 
clear image with good color reproducibility free from 
brightness irregularity or color misregistration can be 
obtained. 

As many apparently widely different embodiments 
ss ol the present invention can be made without departing 
from the spirit and scope thereof, it is to be understood 
that the invention is not limited to the specific embodi- 
ments thereof except as defined in the appended 
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claims. 



Claims 

5 

1 . An image forming apparatus comprising an electron 
source having a plurality ot electron-emitting devic- 
es (1012), an image forming member (1017) for 
forming an image upon irradiation of electrons emit- 
ted by said electron-emitting devices (1012), and "> 
spacers (1020) arranged between said image form- 
ing member and a member opposing said image 
forming member, characterised in that: 

said spacers (1020) are fixed to said image 
forming member and in contact with said member is 
opposing said image forming member. 

2. The apparatus according to claim 1, characterised 
in thai said member opposing said image forming 
member (1017) includes a substrate (1011) on 20 
which the plurality of electron-emitting devices 
(1012) are arranged, and said spacers (1020) are 

in contact with said substrate (1011), on which the 
plurality of electron -emitting devices (1012) are ar- 
ranged- 25 

3. The apparatus according to claim 1 or 2, character- 
ised in (hat said electron-emitting devices (1012) 
are connected by wirings (101 3, 1014), said mem- 
ber opposing said image forming member (1017) 30 
includes a substrate (1011) on which said plurality 

of electron -emitting devices (1012) are arranged, 
and said spacers (1 020) are in contact with said wir- 
ings (1013. 1014). 

35 

4. The apparatus according to claim 1 or 2. character- 
ised in that said plurality of electron -emitting devic- 
es (1012) are wired in a matrix through a plurality 
of row-direction wirings (1013) and a plurality of col- 
umn-direction wirings (1014) : said member oppos- *o 
ing said image forming member (1017) includes a 
substrate (1011) on which said plurality of electron- 
emitting devices (1012) are arranged, and said 
spacers (1020) are in contact with said row-direc- 
tion wirings (1 01 3) or said column-direction wirings « 
(1014). 

5. The apparatus according to any one of claims 1 -4, 
characterised in that said spacers (1020) are rec- 
tangular spacers, and abutment surfaces (3b) of so 
said row-direction wirings (1 01 3) or said column-di- 
rection wirings (1014) have corrugations. 

6. The apparatus according to any one of claims 1-5, 
characterised in that said spacers (1020) are fixed ss 
to said image forming member (1017) by welding 
with a joining material (31 ). 



7. The apparatus according to any one of claims 1 -6, 
characterised in that the spacers are brought into 
contact with the member opposing the image form- 
ing member via soft members (21b), and each of 
the soft members (21b) is a softer member than 
each of said spacers and/or said member to be con- 
tacted. 

8. The apparatus according to any one of claims 1 -7, 
characterised in that the spacers are brought into 
contact with the member opposing the image form- 
ing member via soft members (21b), and each of 
said soft members (21b) Is a member made of a 
material selected from the group consisting of a no- 
ble metal and an alloy of the noble metal. 

9. The apparatus according to any one of claims 1 -8, 
characterised in that said electron-emitting devices 
are cold cathode devices. 

10. The apparatus according to claim 9, characterised 
in that each of said cold cathode devices is a device 
including a conductive film (1104) having an elec- 
tron-emitting portion (1105) between electrodes 
(1102, 1103). 

11. The apparatus according to claim 9, characterised 
in that each ol said cold cathode devices is a sur- 
face-conduction emission type emitting device. 

12. The apparatus according to any one of preceding 
claims, characterised in that each of said spacer 
(1 020) is a spacer having conductivity. 

1 3. The apparatus according to claim 1 2, characterised 
in that said spacer (1020) has a sheet resistance 
tailing within a range of 10 s O/sq to 10 12 L'i/sq, 

1 4. The apparatus according to claim 1 2, characterised 
in that said plurality of electron -emitting devices 
(1012) are connected by wirings (1013, 1014). said 
member opposing said image forming member 
(1017) includes a substrate (1011) on which said 
plurality of electron-emitting devices (1012) are ar- 
ranged, and said spacers (1020) are in contact with 
said wirings (1013, 1014) and are electrically con- 
nected to said wirings (1013, 1014) I 

15. The apparatus according to claim 14, characterised 
in that said spacers (1020) are in contact with said 
wirings (1 01 3, 101 4) and are electrically connected 
to said wirings (1013, 1014) via soft conductive 
members, each of the soft conductive members is 
a softer member than said spacers and said wirings 
to be contacted. 

16. The apparatus according to claim 1 4, characterised 
in that said spacers (1020) are in contact with said 
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wirings (1013, 1014)andare electrically connected 
to said wirings (1013, 1014) via soft conductive 
members, each of said soft conductive members is 
a member made of a material selected from the 
group consisting of a noble metal and an alloy of i 
the noble metal. 

1 7. The apparatus according to claim 1 4, characterised 
in that each of said spacers is fixed to an accelera- 
tion electrode (1019) for accelerating electrons * 
emitted by said electron-emitting devices (1 01 2) ar- 
ranged on said substrate (1012) and is electrically 
connected to said acceleration electrode (1019). 

1 8. The apparatus according to claim 1 7. characterised k 
in that each of said spacers (1020) is fixed to said 
acceleration electrode (1019) through a noble metal 
film. 

1 9. The apparatus according to claim 1 7, characterised 2i 
in that each of said spacers is fixed to said acceler- 
ation electrode (1019) by welding with a joining ma- 
terial (31). 

20. The apparatus according to claim 1 2, characterised 25 
in that said plurality ol electron-emitting devices 
(1012) are wired in a matrix through a plurality of 
row-direction wirings (1013) and a plurality of col- 
umn-direction wirings (101 4) : said member oppos- 
ing said image forming member (1017) includes a 30 
substrate (1011) on which said electron-emitting 
devices (1012) are arranged, and said spacers are 

in contact with said row-direction wirings (1013) or 
said column-direction wirings (1014) and are elec- 
trically connected to said wirings (1013, 1014). 35 

21 . The apparatus according to claim 20, characterised 
in that said spacers are in contact via soft conduc- 
tive members, each of said soft conductive mem- 
bers (21b) is a softer member than said spacers and *o 
said wirings to be contacted. 

22. The apparatus according to claim 20, characterised 
in that said spacers are in contact via soft conduc- 
tive members, each of said soft conductive mem- *s 
bers is a member made of a material selected from 

the group consisting of a noble metal and an alloy 
of the noble metal. 

23. The apparatus according to claim 20, characterised so 
in that each of said spacers is fixed to an accelera- 
tion electrode (1019) for accelerating electrons 
emitted by said electron-emitting devices (1012) ar- 
ranged on said substrate (1011) and is electrically 
connected to said acceleration electrode (1019). ss 

24. The apparatus according to claim 23, characterised 
in that each of said spacers is fixed to said acceler- 



ation electrode (1019) through a noble metal film. 

25. The apparatus according to claim 23, characterised 
in that each of said spacers is fixed to said acceler- 
ation electrode. (1019)by welding with a joining ma- 
terial (31). 

26. The apparatus according to claim 20, characterised 
in that said spacers (1020) are rectangular spacers, 

► and abutment surfaces (3b) of said row-direction 
wirings (1013) or said column-direction wirings 
(1014) have corrugations. 

27. The apparatus according to claim 1 2. characterised 
in that said electron-emitting devices are cold cath- 
ode devices. 

28. The apparatus according to claim 27, characterised 
in that each of said cold cathode devices is a device 
including a conductive film (1104) having an elec- 
tron-emitting portion (1105) between electrodes 
(1102, 1103). 

29. The apparatus according to claim 27, characterised 
in that each of said cold cathode devices is a sur- 
face-conduction emission type emitting device. 

30. A method of manufacturing an image forming ap- 
paratus including an electron source having a plu- 
rality of electron-emitting device (1012) : an image 
forming member (1017) for forming an image upon 
irradiation of electrons emitted by said electron- 
emitting devices (1012). and spacers (1020) ar- 
ranged between said image forming member 
(1017) and a member opposing said image forming 
member (1017), 

comprising the steps of fixing said spacers 
(1020) to said image forming member (1017), and 
bringing said spacers (1020) into contact with said 
member opposing said image forming member 
(1017) 

31. The method according to claim 30, characterised in 
that said member opposing said image forming 
member includes a substrate (1011) on which said 
plurality of electron emitting devices (1012) are ar- 
ranged, and the step of bringing said spacers 
(1020) into contact with said member comprises the 
step of bringing said spacers (1020) into contact 
with said substrate (1011), on which said plurality 
of electron emitting devices (1012) are arranged. 

32. The method according to claim 30, characterised in 
that said plurality of electron-emitting devices 
(1012) are connected by wirings, said member op- 
posing said image forming member (1017) includes 
a substrate (1011) on which said plurality ol elec- 
tron-emitting devices (1012) are arranged, and the 
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step of bringing said spacers (1020) into contact 
with said member comprises the step of bringing 
said spacers (1020) into contact with said wirings. 

33. The method according to claim 30, characterised in 
that said plurality of electron-emitting devices 
(1012) are wired in a matrix through a plurality of 
row-direction wirings (1013) and a plurality of col- 
umn-direction wirings (1014), said member oppos- 
ing said image forming member (1017) includes a 
substrate (1011) on which said plurality of electron 
emitting device (1012) are arranged, and the step 
of bringing said spacers (1020) into contact with 
said member comprises the step of bringing said 
spacers (1020) into contact with said row-direction 
wirings (1013) or said column-direction wirings 
(1014). 

34. The method according to any one of claims 29-33, 
characterised in that said spacers (1020) are rec- 
tangular spacers, and abutment surfaces of said 
row-direction wirings (1013) or said column-direc- 
tion wirings (1014) have corrugations. 

35. The method according to any one of claims 29-34, 
characterised in that the step of fixing said spacers 
(1020) comprises the step of fixing said spacers to 
said image forming member (1017) by welding with 
a joining material (31). 

36. The method according to any one of claims 29-35, 
characterised in that said spacers are in contact via 
soft members, each of said soft members is a softer 
member than said spacers and said member to be 
contacted. 

37. The method according to any one of claims 29-36, 
characterised in that said spacers are in contact via 
soft members, each of said soft members is a mem- 
ber made of a material selected from the group con- 
sisting of a noble metal and an alloy of the noble 
metal. 

38. The method according to any one of claims 29-37, 
characterised in that said electron-emitting devices 
are cold cathode devices. 

39. The method according to claim 38, characterised in 
thai each of said cold cathode devices is a device 
including a conductive film (1104) having an elec- 
tron-emitting portion (1105) between electrodes 
(1102, 1103). 

40. The method according to claim 38, characterised in 
that each of said cold cathode devices is a surface- 
conduction emission type emitting device. 

41. The method according to any one of claims 29-40, 



characterised in that each of said spacers (1 020) is 
a spacer having conductivity. 

42. The method according to claim 41 . characterised in 
s that each of said spacers has a sheet resistance 

falling within a range of 10 5 fl/sq to 10 12 ft/sq. 

43. The method according to claim 42. characterised in 
that said plurality of electron-emitting devices 

io (1012) are connected by wirings (1013, 1014). said 
member opposing said image forming member 
(1017) includes a substrate (1011) on which said 
plurality of electron emitting devices (1012) are ar- 
ranged, and the step of bringing said spacers 

is (1 020) into contact with said member comprises the 
step of electrically connecting said spacers (1020) 
to said wirings, and bringing said spacers (1 020) in- 
to contact with said wirings (1013, 1014). 

20 44. The method according to claim 43, characterised tn 
that said spacers are in contact via soft conductive 
members, each of said soft conductive members 
(21b) is a softer member than each of said spacers 
or each of said wirings to be contacted. 

25 

45. The method according to claim 43, characterised in 
that said spacers are in contact via soft conductive 
members, each of said soft conductive members is 
a member made of a material selected from the 

30 group consisting of a noble metal and an alloy of 
the noble metal. 

46. The method according to claim 43, characterised in 
that the step of fixing said spacers comprises the 

3S step of electrically connecting said spacers to an ac- 
celeration electrode (1019) for accelerating elec- 
trons emitted by said electron-emitting devices 
(1012) arranged on said substrate (1012), and fix- 
ing said spacers to said acceleration electrode 
(1019). 

47. The method according to claim 46, characterised in 
that the step of fixing said spacers (1020) to said 
acceleration electrode (1019) comprises the step of 

<5 fixing said spacers ( 1 020) to said acceleration elec- 
trode (1019) through a noble metal film. 

48. The method according to claim 46, characterised in 
that the step of fixing said spacers (1020) to said 

50 acceleration electrode (1019) comprises the step of 
fixing said spacers (1020) to said acceleration elec- 
trode by welding with a joining material (31) applied 
on said acceleration electrode (1019). 

55 49. The method according to claim 41 , characterised in 
that said electron-emitting devices (1012) are elec- 
tron-emitting devices wired in a matrix through a 
plurality of row-direction wirings (1013) and a plu- 
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rality ol column-direction wirings (1014), said mem- 
ber opposing said image forming member (1017) 
includes a substrate (1011 ) on which said electron- 
emitting devices (1012) are arranged, and the step 
of bringing said spacers (1020) into contact with $ 
said member comprises the step of electrically con- 
necting said spacers (1020) to said row-direction 
wirings (1013) or said column-direction wirings 
(1014), and bringing said spacers (1020) into con- 
tact with said row-direction wirings (1013) or said *o 
column-direction wirings (1014). 

50. The method according to claim 49, characterised in 
that said spacers are in contact via soft conductive 
members, each of said soft conductive members is is 
a softer member than each of said spacers or each 

of said wirings to be contacted. 

51. The method according to claim 49, characterised in 
that said spacers are in contacl via soft conductive 20 
members, each of said soft conductive members is 

a member made of a material selected from the 
group consisting of a noble metal and an alloy of 
the noble metal. 



Iron-emitting portion 
(1102, 1103). 



(1105) between electrodes 



58. The method according to claim 57, characterised in 
that each of said cold cathode devices is a surface- 
conduction emission type emitting device. 



52. The method according to claim 49, characterised in 
thai the step of fixing said spacers comprises the 
step of electrically connecting said spacers loan ac- 
celeration electrode (10.19) for accelerating elec- 
trons emitted by said electron -emitting devices 30 
(1012) arranged on said substrate ( 1 01 1 ) : and fixing 
said spacers to said acceleration electrode (1019). 

53. The method according to claim 52, characterised in 
that the step ol fixing said spacers (1020) to said 3S 
acceleration electrode (101 9) comprises the step of 
fixing said spacers to said acceleration electrode 
(1019) through a noble metal film. 

54. The method according to claim 52, characterised in 40 
that the step of fixing said spacers to said acceler- 
ation electrode (1019) comprises the step of fixing 
said spacers to said acceleration electrode by weld- 
ing with a joining material applied on said acceler- 
ation electrode. 45 

55. The method according to claim 49, characterised in 
that said spacers are rectangular spacers, and 
abutment surfaces of said row-direction wirings or 
said column -direction wirings have corrugations. so 

56. The method according to any one of claims 41-55, 
characterised in that said electron-emitting devices 
are cold cathode devices. 



57. The method according to claim 56, characterised in 
that each of said cold cathode devices is a device 
including a conductive film (1104) having an elec- 
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FIG. 5A 
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FIG. 6 




29 



EP 0 869 531 A2 



FIG. 7A 
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FIG. 7B 
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FIG. 10A 
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FIG. 14 
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